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Previous research focused on an affective deficiency as the core deficit in 
psychopathy. The current studies utilize event-related potentials (ERPs) to elucidate the 
differences in affective processing between psychopaths and non-psychopaths. In this 
paradigm, participants were required to discriminate between living and non-living 
pictures without being made aware of the ir affective content. The paradigm was a 
modified three-stimulus oddball task comprising three types of picture slides; neutral 
valence/living, affective valence/living and neutral valence/non- living. The first study 
was conducted on an undergraduate sample to validate ERPs components that index 
mismatch processing and to tease apart discernible ERP components of cognitive and 
affective mismatch processing. The second study aimed to distinguish between affective 
and cognitive processing in an incarcerated sample of psychopaths and non-psychopaths. 
The presence of psychopathy was identified through the use of the Psychopathy 
Checklist-Screening Version. The results provide electrophys iological support for a 
global affective processing dysfunction in psychopaths.   
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                       CHAPTER ONE: Introduction 
______________________________________________________ 
1.1 Psychopathy 
Psychopathy is built on the idea that psychopaths demonstrate emotional 
deficiency. Pinel was first to describe this emotional deficiency, using the term “mania 
sans délire” (Sass and Herpertz, 1995). Pinel stressed that this group of individuals 
primarily suffered from an emotional instability but had intact intellectual functioning. 
Rush (1827) studied a group of individuals whose crimes were characterized by what he 
called a “moral alienation of the mind”. These individuals had similar traits such as 
irresponsibility, unscrupulousness and aggressiveness. Pritchard (1835) extended this 
notion and defined a “madness consisting in a morbid perversion of the natural feelings, 
affections, inclinations, temper habits, moral dispositions, and natural impulses” and thus 
coined the concept that psychopaths suffered from a “moral insanity”. Henderson (1939) 
understood psychopathic states as a sort of “constitutional abnormality” in which he took 
constitution to compass heredity and environment and described three kinds of 
psychopathic states: the predominantly aggressive, the inadequate and the creative.  
Cleckley (1941, 1976) in a seminal book, The Mask of Sanity, emphasized that the 
crux of the dysfunction in psychopaths was that of an affective dysfunction (see Table 
1.1). He, like Pinel and other observers, described these individuals as having intact 
intellectual faculties but as seemingly deficient in their ability for proper, moral and 
ethical conduct. Cleckley thought that this was due to an affective disorder or to the 
disengagement of self- inhibitory affective/cognitive mechanisms. Cleckley (1976) wrote 
that in psychopathic individuals logical thought processes may be seen in perfect 
  Neuroaffective Processing in Psychopaths 
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operation and also that judgment of value and emotional appraisals are sane and 
appropriate when the psychopath is tested, so that psychopathic individuals seem to have 
the emotional tools required to function normally. In reality, however, this is not the case. 
Cleckley further attested to this by writing that as long as the psychopath is not a direct 
participant, he shows that he knows his way about. However, when the psychopath is 
tested, there is  ample evidence of his (affective) deficiency.  He concluded that the 
psychopath’s deficiency lies in his inability to integrate affective experience with 
cognitive elements from a situation to produce a ‘normal’ experience of events.  
Table 1.1 Cleckley’s conceptualization of psychopathy 
Cleckley’s 16 Criteria for Psychopathy 
Superfic ial charm and good intelligence 
No delusions or other signs of irrational thinking present 
No signs of ‘nervousness’ or other neurotic manifestations 
Unreliable 
Non-truthful and insincere 
Lack of remorse  
Inadequately motivated antisocial behaviour 
Unable to learn by experience, coupled with poor judgment 
Egocentricity and incapacity to love 
Poverty in major affective reactions  
Loss of insight 
Fantastic and yet uninviting behaviour 
Unresponsive in interpersonal relationships 
Sex life impersonal 
Absence of following through any life plan 
Suicide rarely carried out 
 
Cleckley then stated that psychopaths are unable to process the emotional meaning 
of language, a deficit that is particularly significant in light of the observation that 
psychopaths have shallow affect experience and are lacking in remorse and empathy. The 
idea then that psychopaths know the ‘words’ of emotion but not the ‘music’ (Johns and 
Quay, 1962, Hare, Hart and Harpur, 1991) stems from Cleckley’s proposition that 
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psychopaths had a sort of  ‘semantic aphasia’ in which they are able to approximate 
normal affective responses superficially, all the while hiding their significant affective 
deficits. 
A central outstanding issue is in the research on psychopathy carried out since 
Cleckley’s book first appeared is the nature of the affective deficit displayed by 
psychopaths. Specifically, the debate surrounding the research deals with whether deficit 
exhibited by psychopaths is a global deficit, spaaninbg al the emotions, or whether the 
deficit seen in psychopaths is a specific affective deficit that relates only to certain types 
of emo tion (for example, negative emotions like fear or positive emotions like pleasure). 
Since the idea of an affective deficiency is central to the syndrome of psychopathy, this 
thesis attempts to address this issue using a quasi-experimental methodology (comparison 
of well-defined psychopaths with non-psychopaths ) with brain-wave responses (event-
related potentials or ERP) as the key dependent variable. The critical question addressed 
was: “Do psychopaths exhibit a neuroaffective processing deficit?”  
1.2 Operational definition of psychopathy: Hare’s Psychopathy Checklist-Revised 
(PCL-R) 
Hare (1980), like Cleckley, originally conceptualized psychopathy as a single 
factorial concept and devised a 22-item Psychopathy Clecklist (PCL) to tap this construct. 
Following more detailed factor analysis of the 22-item PCL, he later refined his concept of 
psychopathy such that the essential features of psychopathy could be tapped by two 
factors: an antisocial lifestyle dimension and an affective/interpersonal dimension (Hare et 
al., 1990; Harpur, Hakistan and Hare, 1988) and abbreviated the PCL into a 20- item 
Psychopathy Checklist-Revised (PCL-R). The dual factor structure of the PCL-R has been 
shown to be robust and valid cross-culturally (Cooke, 1999).   
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Psychopathy in this study is defined using a bifactorial structure according to  Hare 
et al.  (1990). The first factor in the PCL-R has been termed “selfish, callous and 
remorseless use of others” (Hare et al., 1990 and  Cooke and Michie, 1997) and consists of 
items that tap the affective and interpersonal deficit that characterizes the core personality 
features of psychopathy. The items here include the following: glibness/superficial charm, 
grandiose sense of self-worth, pathological lying, conning/manipulative, lack of remorse 
or guilt, shallow affect, callous/lack of empathy and irresponsibility. The second PCL-R 
factor, “chronically unstable and antisocial lifestyle”, describes the lifestyle of the 
psychopathic individual that is both impulsive and antisocial (Hare et al., 1990 and Cooke 
and Michie, 1997) and encompasses items such as: proneness to boredom, parasitic 
lifestyle, poor behaviour controls, early behavioural problems, lack of realistic long term 
goals, impulsivity, juvenile delinquency and revocation of conditional release. Scores on 
the PCL-R are then computed by summation of individual scores on each of the items of 
the two factors (see Table 1.2).  
Table 1.2 Hare’s Diagnostic Criteria for Psychopathy according to the PCL-R 
Factor 1: Affective/interpersonal deficit Factor 2: Antisocial lifestyle/social 
deviance 
Glibness/superficial charm Need for stimulation/prone to boredom 
Grandiose sense of self-worth Parasitical lifestyle 
Doesn’t accept responsibility for own actions Poor behavioural controls 
Manipulative/conning Early behavioural  problems 
Pathological lying Juvenile delinquency  
Lack of remorse/guilt Impulsivity 
Shallow affect Irresponsibility 
Callous/lack of empathy Lack of realistic, long term goals 
 Revocation of conditional release 
  
Criminal versatility*  
Many short-term marital relationships*  
Promiscuous sexua l behaviour*  
* denotes items that do not load on Factor 1 or 2 of the PCL-R 
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With regards to the antisocial lifestyle dimension on the PCL-R, it is essential that 
psychopathy as a concept and as a construct must be distinguished from Antisocial 
Personality Disorder (ASPD) as defined by DSM IV. ASPD is ‘a pervasive pattern of 
disregard for violation of the rights of others’ (APA, 1994) and consists of items relating 
to deviant behaviour and thus it is closely related to the social deviance factor (factor 2)  
but not the affective/interpersonal deficit factor (factor 1) of the PCL-R. Hence, many 
individuals may be antisocial but not necessarily psychopathic in the sense of showing the 
core affective/interpersonal features of psychopathy. Empirical support for this contention 
comes from studies that show that the base rate for ASPD in criminal populations is 
approximately 80% while the incidence of psychopathic individuals that meet the PCL-R 
criteria is only about 25%-30% in North American sample s and about 15% in Scottish 
samples (Cooke, 1999; Hare, Clark, Grann, Thornton, 2000).  
1.3 Measurement of psychopathy 
In this study, the instrument used to classify psychopaths and non-psychopaths is 
the Psychopathy Checklist-Screening Version (PCL-SV). The PCL-SV is an abbreviated 
versio n of the 22-item PCL (Hare, 1980). It was originally introduced as a clinical 
screening version, called the ‘PCL-CV’ but was later relabeled as ‘PCL-SV’ (Hart and 
Hare 1995).The shortened version, comprised 12 items and required less collateral 
information from case-note material as the scores were largely derived from a semi-
structured interview. The psychometric properties of the PCL-SV have been validated in 
different populations and have shown it to be as reliable and effective as its parent version 
the PCL (Cooke, Michie, Hart and Hare, 1999; Hart and Hare, 1995).  
The PCL-SV consists of 12 items that are divided into two parts. The first portion 
has 6 items and measures the affective/interpersonal dimensions of psychopathy and its 
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extent. The scores for this factor are obtained by summing the scores obtained on these 6 
items of the PCL-SV. The second portion, Factor 2  of the PCL-SV, examines the extent of 
social deviance. It also has 6 items and its score is calculated by adding the scores of each 
item together. The items making up the PCL-SV is given in the Table 1.2 below.  
Items on the PCL-SV were scored on a 3-point ordinal scale based on the degree 
that the interviewee’s trait or behaviour matched the description of the item given in the 
PCL-SV manual. A score of ‘0’ indicated that the individual ‘did not exhibit the trait in 
question’, a score of ‘1’ was given when the trait and the item ‘matched in some respects 
but had too many exceptions or doubts to warrant a score of 2’ and lastly, a score of ‘2’ 
indicated that there was a ‘reasonably good match in most essential respects’. Scores thus 
ranged from a minimum of 0 to a maximum of 12 for each factor.  
Table 1.3: Factor 1 and 2 items in the PCL-SV 
Factor 1 of the PCL-SV Factor 2 of the PCL-SV 
Superficial Impulsivity 
Grandiose Poor behavioural controls 
Deceitful Lacking goals 
Lacking remorse Irresponsibility 
Lacking empathy Antisocial behaviour in adolescence 
Refusal to accept responsibility Antisocial behaviour in adulthood 
 
Recently, Cooke and Michie (2001), utilizing factor analysis, have regrouped 
Hare’s two- factor solution into a three-factor solution.  The three dissociable dimensions  
were distinguished. The first of these was labelled ‘Arrogant and Deceitful Interpersonal 
Style’ which described the conning, manipulative interpersonal style of the prototypical 
psychopath. The second factor was named ‘Deficient Affective Experience’ and referred 
to the emotional deficit seen in psychopaths. Hence, Hare et al. (1990) factor 1, 
affective/interpersonal deficit is decomposed into two dimensions, that of interpersonal 
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deceitfulness and affective deficiency. The last component was labelled ‘Impulsive and 
Irresponsible Behavioural Style’ and is related to the Hare et al. (1990) social deviance 
factor. This three-factor solution derivation from the PCL-SV is given in Table 1.4. 
Table 1.4 Comparison of Hare and Cooke and Michie’s (2001) Diagnostic Criteria for 
Psychopathy based on the PCL-SV 
Hare’s 2-Factor Psychopathy Solution Cooke and Michie’s 3-Factor Psychopathy 
Solution  
Factor 1: affective/interpersonal deficit Factor 1: Arrogant and Deceitful 
Interpersonal Style  
Glibness/superficial charm Glib 
Grandiose sense of self-worth Superficia l 
Manipulative/conning Deceitful 
Pathological lying  
  
Factor 2: Antisocial lifestyle/social  
Deviance 
Factor 2: Deficient Affective Experience 
Need for stimulation/prone to boredom Lacks remorse 
Parasitical lifestyle Lacks empathy 
Poor behavioural controls Doesn’t accept responsibility 
Early behavioural  problems  
Juvenile delinquency  Factor 3: Impulsive and Irresponsible 
Behavioural Style 
Impulsivity Impulsive 
Irresponsibility Lacks goals 
Lack of realistic, long term goals Irresponsibility 
Revocation of conditional release  
 
1.4 Neural correlates of psychopathy 
Are psychopaths organically different from non-psychopaths? Is this difference 
located cerebrally? Is it specific to any region of the brain? The review below assesses 
neurological theories of psychopathy and the evidence supporting the idea that 
psychopaths are neurologically different from non-psychopaths.  
Neuropsychological theories of psychopathy have hinged on observations of 
behavioural similarities between psychopathic individuals and patients with some form of 
frontal lobe damage. In the late 1970’s, researchers observed that the symptoms exhibited 
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by psychopaths were akin to symptoms of patients of frontal lobe disorders (Elliot, 1978, 
Schalling, 1978). This led them to conclude that psychopathy was mainly due to a frontal 
lobe deficit, especially in the processes responsible for regulating behaviour, attention and 
affect (see section on the orbito frontal lobe). 
Studies in later years investigated this hypothesis through the use of 
neuropsychological tests. Gorenstein (1982) utilized neuropsychological tests that tapped 
frontal cortex processing and found that psychopaths committed more perseverative errors 
on the Wisconsin Card Sort test (WCST), on a sequential matching memory task (SMMT) 
and with Necker Cube reversals than non-psychopaths and or undergraduates. This 
supposedly indicated that psychopaths were frontally deficient. However, on tests that 
were unrelated to frontal lobe function (such as Tour’s anagrams or the non-perseverative 
errors on the WCST), psychopaths’ performance was not different from that of non-
psychopaths. He also found that the number of non-perseverative errors committed by 
both groups was not significantly different. On the basis of these results, he claimed that 
the underlying basis of psychopathy was a frontal lobe deficit. 
However, Hare (1984) raised concerns about the conclusions gleaned from 
Gorenstein’s study (1982) as he pointed out that the diagnostic procedures used were 
‘inadequate’ (pp 133) and the independent variables used in the study might have been 
confounded with regards to age, education, general ability, substance abuse and the 
differences in the extent of substance abuse by psychopaths and by normal control 
participants. Furthermore, Gorenstein’s psychopathic sample did not meet the criteria 
listed by Cleckley (1976) or of that set out for ASPD in DSM III.  
Hare then administered the same cognitive performance tasks that Gorenstein used 
to tap frontal function, namely: the WCST, the Necker cube and the SMMT. However, 
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Hare separated the psychopathic sample into 3 groups: low, mixed and high on 
psychopathy with a 22 item checklist (Hare, 1980) that included age, education, IQ, 
substance use as covariates. The findings showed that psychopaths’ performance on the 
three cognitive tests (the WCST, Necker cube and SMMT) was not significantly different 
from that of other non-psychopathic inmates and was in fact “very similar to that of 
normal or non-criminal individuals and not at all like that of frontal lobe patients’ (pp 
138). The results therefore did not validate Gorenstein’s earlier conclusions that 
psychopaths and frontal lobe patients perform these tasks in the same way. Hare drew 
further support for his stand from other research (Elliot, 1978) indicating that partial 
psychopathy (‘pseudopsychopathy’) can be produced by organic disorders and suggests 
that though frontal patients may look psychopathic (Damasio, 1979), they lack the core 
features of the psychopathic personality. Hence, even though psychopaths may or may not 
be frontally deficient, that deficiency is different from that of frontally damaged patients 
and would likely be expressed cognitively or functionally in a different manner from the 
frontal syndrome seen in these patients.  
Other studies have attempted to delineate more clearly the neurophysiological 
basis of a possible frontal deficiency seen in psychopath. These studies have focused on 
specific regions of the frontal cortex that are proposed to be more directly linked to 
psychopathy, antisocial personality or character disorders. Lapierre, Braun, and Hodgins  
(1995) compared performance measures of orbitofrontal or ventromedial functioning in 
non-psychopathic criminals and psychopathic criminal participants while at the same time 
controlling for substance abuse. This study presented evidence that psychopathic 
individuals are highly similar to those patients with orbitofrontal or ventromedial frontal 
lesions. On the other hand, patients with lesions in other areas of areas of the frontal 
  Neuroaffective Processing in Psychopaths 
  10 
cortex do not produce the symptoms seen in psychopathic individuals. The researchers 
found that while the performance of psychopathic and non-psychopathic criminal 
participants was no different on control tasks of dorsolateral frontal function, psychopathic 
individuals exhibited performance decrements on tests of orbitofrontal and ventromedial 
frontal function. From these results, it would appear that the phenomenon of psychopathy 
could be associated with neural or cognitive processing dysfunction in these specific 
prefrontal areas.    
Damasio (1994) also proposed a frontal lobe processing dysfunction as the main 
cause of psychopathy. Damasio (1994) termed this the somatic marker hypothesis. This 
hypothesis had its basis in Damasio’s work with ventromedial frontal patients and 
reflected how affect-related associations become related to certain stimuli and responses. 
When these markers are formed, they heighten decision making and behaviour regulation 
as they call to mind the affective (negative or positive) outcomes that are tagged to these 
particular situations or responses. Damasio thus proposed that psychopaths, like 
ventromedial lesion patients, are unable to use these markers to signal predicted outcomes. 
As such, though psychopaths are still sensitive to reward and punishment, they lack the 
somatic markers that contribute to their decision making.  
Blair and colleagues (Blair, Sellars, Strickland, Williams and Smith, 1995, Blair, 
Jones, Clark and Smith, 1997) view the affective deficits of psychopaths in the context of 
a neurological developmental disorder and have attempted to delineate these deficits  
through a theory of the dysfunctiona l development of the amygdala. They thus proposed 
the existence of a Violence Inhibition Mechanism (VIM). The VIM is activated when 
distress cues are present. In psychopaths, a developmental deficit or disruption in this 
mechanism contributes to the lack of responsiveness to distress cues as these cues are not 
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associated with activation of the VIM. This lack of emotional response to negative or 
threatening stimuli has been well researched in studies that focus on anxiety or autonomic 
reactivity following the presentation of negative or threatening stimuli (Lykken, 1957, 
Hare, 1982, Pa trick, Cuthbert and Lang, 1994). Blair et al. (1995, 1997) and others 
(Patrick et al., 1994) suggest that this lack of emotional responsiveness to negative cues 
(distress or threatening) is associated with a deficit in brain structures that are involved in 
processing negative affect, such as the amygdala (see later section on the amygdala and 
LeDoux, 2000).   
Recently, Blair (manuscript) has revised the VIM to distinguish between an 
instinctive trigger base for conditioned stimuli and another for emotional events. Blair’s 
new model also makes reference to the anatomical systems that he proposes to be 
responsible for the VIM and emphasizes the role of the amygdala. Lastly, Blair considers 
the connections between the VIM and other neural systems. In particular, he emphasizes 
the interconnections between the basal amygdala and the orbitofrontal cortex.   
Other researchers concur with the idea of developmental dysfunction in 
psychopaths, though they emphasize the prefrontal region. For exa mple, Anderson, 
Bechara, Damasio, Tranel and Damasio (1999) examined two adults with early (before 16 
months of age) prefrontal cortex lesions. Compared to adult onset prefrontal lesion 
patients, the two early onset participants exhibited severely anti-social behaviour and 
showed deficits on a variety of measures of social and moral reasoning. They then 
concluded that psychopathy is associated with early maturational/developmental 
dysfunction of the prefrontal cortex.     
The Behavioural Inhibition System (BIS)/Behavioural Activation System (BAS) 
theory was first described by Gray (1982, 1987) and elaborated by Fowles (1980, 1987). 
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This theory posited that the BIS is activated by punishment or non-reward cues and it 
increases arousal, interferes with ongoing behavioural responses and reallocates  
attentional resources to the relevant stimuli. Gray (1987) postulated that the inputs to BIS 
system were usually unexpected novel stimuli and cues signalling non-reward or 
punishment. Activation of the BIS causes the individual to examine the stimulus, evaluate 
it and thus react to it. The neurological substrate of the BIS is said to be the processes of 
the frontal-septal-hippocampal system. When applied to psychopathy, the suggestion is 
that psychopaths are weak in BIS functioning. This would then entail that psychopaths are 
not only deficient in their responsiveness to punishment, but also that they are unable to 
allocate attentional resources to punishment cues. As the BIS and the BAS are mutually 
inhibitory systems, psychopathy can also be explained by an overactive BAS although the 
anatomical substrates of this system are le ss well researched than that of the BIS system. 
The advantage of BIS/BAS hypothesis is that it is broad enough to incorporate both 
behavioural theories of psychopathy such as the low fear hypothesis (Lykken, 1995) and 
the response modulation hypothesis (Newman, Patterson and Kosson, 1987). 
The earlier literature review suggests that an affective deficiency is implicated in 
psychopathy. However, these various theories of psychopathy have different implications 
with regards to the type of emotional deficit, specifically whether it is a global or specific 
emotional deficit. A comparison of these theories and their implications for the syndrome 
of psychopathy is given in  Table 1.5. 
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Table 1.5: Comparing the theories of psychopathy and their implications for an emotional 
deficit in psychopaths 
Theories of 
Psychopathy 






Affect-related associations become tagged to 
certain stimuli or responses. Once formed, 
these somatic markers heighten the 





Psychopaths have a weak BIS or overactive 
BAS. They are thus less responsive to 






A maturational dysfunction exists in 
psychopaths such that they are less sensitive 




1.5.1 Event related potentials evidence of processing deficits in psychopaths 
 
What are ERPs and why are they selected as tools to measure brain activity? Event 
related potentials, or ERPs, are non- invasive methods of measuring brain wave signals. 
ERPs record the electrical activity of the brain through the placement of electrodes on the 
scalp surface and thus index aspects of the processing done by the brain, referencing the 
possible underlying neural or anatomical generators of these signals (see Appendix A for a 
review of ERPs and their functional significance). In recent years, ERPs have been used to 
study proposed processing dysfunctions in psychopathy. The following section critically 
reviews studies of cognitive processing in psychopaths using ERPs and studies of 
emotional processing in psychopaths using other physiolo gical indicators.  These studies 
support the idea that psychopaths have processing differences compared to non-
psychopaths, particularly in the way the y process affective stimuli. However, reviews of 
neuroaffective processing in psychopaths  using ERPs will be reserved until chapter 3. 
Raine and Venables (1988) recorded ERP amplitudes to target and non-target 
stimuli in a visual continuous performance task at the temporal and parietal sites using 
psychopathic and non-psychopathic participants. It was revealed that psychopaths had 
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significantly enhanced P3 amplitudes, compared to non-psychopaths, to target stimuli but 
only at the parietal site. However, for non-target stimuli, psychopaths’ ERPs did not differ 
from non-psychopaths. Raine and Venables attributed these results to a narrowing of 
attention in psychopaths. Elsewhere, Raine (1988) relates the larger P3 amplitude findings 
into a theory of sensation seeking. Specifically, he alludes to the idea that psychopathy 
may be explained by enhanced focus of attention to events that are stimulating. Thus 
psychopaths may be oversensitive to novelty.  Others challenge this notion, suggesting 
instead a cortical immaturity or a maturational deficit (Jutai, 1988; Howard, 1988). 
In a later study, Kiehl, Hare, Liddle and McDonald (1999) presented psychopaths 
and non-psychopaths with a visual oddball task. Participants were told to respond to 
oddball stimuli (target stimuli that occurred 25% of the time) and not to respond to non-
targets (occurring 75% of the time). Specifically, they found that psychopaths exhibited a 
smaller P3 centrally and parietally than did non-psychopaths. However, psychopaths had 
an enhanced N550 wave frontally during the target conditions. These results are in 
contrast to Raine (1988) where an enhanced P3 was found for psychopathic participants. 
Kiehl et al. suggested that the contradictory results may be explained by the differences in 
task paradigm. Raine (1988) used a continuous performance task while Kiehl used a 
GO/NO GO oddball task. Kiehl et al. then proposed that psychopaths had a specific 
information processing deficit that is characterized by an inability to switch attentional 
resources. 
 In an attempt to compare ERP responses between psychopaths and 
schizophrenics, Kiehl, Smith, Hare and Robert (2000) examined their responses on a 
visual oddball task. They found that psychopaths and schizophrenics exhibited different 
ERP patterns. Psychopaths showed a sma ller P375 on GO trials than on NO/GO trials 
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frontally and centrally while schizophrenic s were observed to have little ERP 
differentiation between the both. This is true even though both psychopaths and 
schizophrenics exhibited less cerebral lateralization than non-psychopaths. They further 
found that psychopaths had reduced N275 frontally compared to non-psychopaths. The 
researchers then concluded that schizophrenics and psychopaths had different neural 
abnormalities surrounding their response inhibition deficits. Flor, Birbaumer, Hermann, 
Ziegler and Patrick (2002) paired a foul odor (unconditioned stimulus) with neutral faces 
and compared responses of non-criminal psychopaths and non-psychopaths. Flor et al. 
found that psychopaths did not demonstrate conditioned responses though their 
unconditioned responses were the comparable to  those of non-psychopaths. Similarly, 
psychopaths had comparable N1, P2 and P3 responses to conditioned stimuli. Although 
psychopaths exhibited enhanced terminal CNV, their terminal CNV did not show any 
differentiation between reinforced and non-reinforced conditioned stimuli. Flor et. al. 
suggest that these results indicate a deficit in psychopaths ability to form associations. 
1.5.2 Neuroaffective processing in psychopaths: evidence from startle blink studies 
All the studies reviewed below point to dysfunctional affective processing in 
psychopaths, although the investigation of this affective processing was conducted 
through a variety of physiological indicators. Emotional processing in psychopaths has 
been studied through the startle blink response. Animal research has established that the 
startle blink is a reflex evoked by a sudden highly arousing stimulus and is commonly 
enhanced in the presence of aversive or fearful stimulus material. This ‘fear-potentiated 
startle’ and its neural pathways have been extensively investigated by Davis (Davis, 
1989). From these studies, researchers have pinned down the primary brainstem pathway 
and the central nucleus of the amygdala as vital to the startle blink reflex potentiation. 
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Extrapolating from these findings in animals, research has focused on the modulation of 
the eyeblink startle response as a tool for observing emotional response and processing in 
humans. In general, results from these studies support the postulation the startle blink is 
indeed potentiated to unpleasant or aversive/negative stimuli compared to pleasant or 
neutral stimulus material (Bradley, Cuthbert and Lang, 1990, 1991). In the same way, the 
startle blink response is seen to decrease with the use of anti-anxiety drugs such as 
diazepam (Patrick, Berthot and Moore, 1998).  
Patrick, Cuthbert and Lang (1993) utilized the startle blink response to test the 
hypothesis of an affective deficit in psychopathic individuals. They classified inmates, 
according to Hare’s PCL-R, into a low on psychopathy group (scoring <20), a mixed 
group (scoring between 20 to 30) and a high on psychopathy group (scoring >30). These 
participants were then presented with pleasant, neutral and unpleasant slides from the 
IAPS that had previously been rated. The authors found that in the lo w on psychopathy 
group, the startle blink was inhibited to positive stimuli but was potentiated by negative 
stimuli. The same pattern of results was exhibited by normal controls (college students) 
and in fact by the mixed groups of participants who showed a strong linear trend in their 
startle response pattern. There were no group differences in measures such as self reported 
levels of arousal or valence or in measures like heart or skin conductance reactivity.   
However, in the high on psychopathy group, startle response was decreased to 
negative stimuli. The authors found  that there was inverse correlation between emotional 
detachment and the startle blink reflex for the mixed group and for the high psychopathy 
group. Higher scores on this factor of the PCL-R predicted a greater diminishing of the 
startle response to aversive stimuli, thus lending support to the notion that the core feature 
of psychopathy is a deficiency in emotionality.  
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To replicate and further extend these findings, the researchers (Patrick, Cuthbert 
and Lang, 1994) separated male inmates into four groups: antisocial (low on factor 1, high 
on factor 2), non-psychopaths (low on factor 1, low on factor 2), detached (high on factor 
1, low on factor 2) and psychopaths (high on factor 1, high on factor 2) based on PCL-R 
scores where factor 1 refers to the emotional detachment dimension and factor 2 refers to 
the antisocial dimension. They predicted that participants with the essential features of the 
psychopathic personality (those participants high on emotional detachment) would not 
show a greater startle reflex to aversive stimuli. In fact, their response would be decreased 
to such stimuli. The results were as expected. At the anticipation phase of the acoustic 
startle probe (loud burst of noise at 95 dB), the psychopaths and the detached group 
showed a lesser startle potentiation than non-psychopaths or the antisocial group. 
However, as with the earlier experiment, these four offender groups were not significantly 
different in terms of skin conductance reactivity.  
Furthermore, Patrick et al. (1994) divided participants into high and low 
psychopathy groups, classified using Hare's PCL-R. Heart rate, skin conductance, and 
corrugator muscle response1 were recorded to the participants’ imagery of fearful or 
neutral scenes in a cued sentence processing task. They found that, as predicted, 
individuals high on the measure of psychopathy had less cardiac reactivity to fearful 
imagery than to neutral imagery. These differences were also significant for skin 
conductance but not so for corrugator response, though this measure did show a similar 
general trend. Furthermore, those participants high on emotional detachment were found 
to have a lower physical response than those who were low on the scale. 
                                                               
1 Corrugator muscle response refers to the frowning response of the muscles above the eyebrows and is 
measured by electromyography. 
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Herpertz et al. (2001) compared the startle responses of psychopathic and 
borderline personality disorder individuals during the viewing of pleasant, unpleasant and 
neutral slides. They found that for psychopaths, startle responses in the presence of 
affective slides were absent whereas borderline patients had the normal pattern of startle 
response (weakest to pleasant slides and strongest to unpleasant slides).  Herpertz et al. 
took these results to indicate that psychopaths had a global deficit in emotional processing. 
Sutton, Vitale and Newman (2002) presented pleasant, unpleasant and neutral pictures to 
psychopathic or non-psychopathic female participants. Acoustic startle probes were then 
interspersed at 2s or 4.5s after picture presentation. Sutton et al. found that low anxiety 
psychopaths, who were high on both factors of the PCL-R, had attenuated startle blink 
magnitudes. Levenston, Patrick, Bradley and Lang (2000) also presented pleasant (erotic 
or thrilling), unpleasant (victim or direct threat) and neutral pictures to incarcerated male 
psychopaths and non-psychopaths. Acoustic startle probes were presented at early (300ms 
and 800ms) and late (1.8s, 3s and 4.5s) intervals during the viewing of the stimuli. 
Levenston et. al. found that psychopaths had attenuated startle reflex during direct threat 
scenes and inhibited startle response during victim scenes. Compared to non-psychopaths, 
psychopaths also exhibited greater heart rate and startle blink inhibition to pleasant 
pictures. These results point to the idea of a higher threshold for aversive stimuli and a 
greater orientation to pleasant ones in psychopathic individuals and thus indicate (contrary 
to Hepertz et al. results) that psychopaths have a specific deficit in emotional processing.  
 1.5.3 Affective processing in psychopaths measured by neuroimaging 
Studies using neuroimaging techniques have investigated the psychopathic 
individual's deficit in the processing of emotion and found support for this contention. 
Intrator et al. (1997) employed three groups of participants in which two of these groups 
  Neuroaffective Processing in Psychopaths 
  19 
were male patients in the same substance abuse program while the last group was normal 
participants. The two patient groups were matched for important demographic variables 
like age, education and alcohol abuse and were free of neurological impairment. 
Participants were asked to perform a lexical decision task involving neutral and negative 
words while their regional cerebral bloodflow (rCBF) was recorded using the single 
photon emission computerized tomography (SPECT) technique. The researchers analyzed 
16 areas of interest and found group by task (lexical decision) interactions in the frontal-
temporal, medial frontal and contiguous subcortex including the basal ganglia.  
They found that there was no difference between the level of activation of the 
patient group and the normal control group. However, they found that the psychopathic 
group displayed higher relative activation in the emotion condition regardless of site. The 
researchers suggest that one explanation for the results is that since emotional deficit is a 
core feature in the psychopathic personality, the psychopathic individual may have to 
employ additional mental resources in order to process the emotional words. In contrast, 
for normal non-psychopathic participants, the emotionality in the words would actually 
heighten their ability to perform the lexical decision task and thus require less cognitive 
resources. Hence, they would exhibit lower levels of cerebral activation as compared to 
the psychopathic individuals.   
Laakso et al.   (2001) examined the rCBF in psychopaths and found decreases in 
hippocamal bloodflow volume associated with the arrogant and deceitful interpersonal 
style attribute of psychopathy (factor 1). Soderstrom et al. (2002) compared the regional 
cerebral bloodflow (rCBF) using single photon emission computed tomography (SPECT) 
technology in 32 violent offenders, classified as psychopathic or non-psychopathic by 
Hare’s two-factor Psychopathy Checklist-Revised (PCL-R) and on Cook and Michie’s 
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three- factor model of the PCL. They found that the affective dimension 
(affective/interpersonal deficiency factor on Hare’s 2- factor PCL-R and arrogant deceitful 
interpersonal style factor on Cooke and Michie’s 3-factor PCL-R) was correlated with 
reduced frontal and temporal perfusion in psychopaths and this correlation was even 
stronger for the Cooke and Michie’s factor. However, one caveat of the study is that the 
amygdala was not included in the temporal region due to some technical limitations. The 
behavioural dimension of the PCL-R (social deviance factor of Hare’s 2-factor PCL-R and 
impulsive and irresponsible behavioural style of Cooke and Michie’s 3- factor PCL-R) is 
correlated with increased rCBF at the parietal association cortex.  
The following studies presented below have also found dysfunction in the regions 
of the brain associated with emotional processing. However, the caveat is that these 
experimenters did not classify their samples according to incidence of psychopathy. Thus, 
the results must be considered with that in mind. Soderstrom, Tullberg, Wikkelso, Ekholm 
and Forsman (2000) where hypoperfusion was found in the frontal and temporal regions 
while hyperperfusion was found in the parietal association cortex for impulsive and 
violent offenders. Raine et al. (1998), using Positron Emission Tomography (PET) 
techniques, have found decreased prefrontal volume in violent murderers. Deckel, 
Hesselbrock and Bauer (1996) found frontal lobe dysfunction when they examined 
individuals with early conduct problem behaviours and antisocial personality disorder.  
Raine, Lencz, Bihrle, LaCasse and Colletti (2000) assessed individuals who met 
DSM IV criteria for antisocial personality disorder (APD) using structural magnetic 
resonance imaging (MRI), skin conductance and heart rate during a stressful task (giving a 
videotaped speech on their faults). They found that decrements in prefrontal gray matter 
volume, skin conductance and heart rate during the stressful task. However, both Deckel 
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et al. and Raine et al. did not classify individuals according to psychopathy, so their results 
must be taken with this in mind, even though antisocial aspects in APD are related to 
factor 2 in Hare’s Psychopathy Clecklist-Revised (see section on PCL-R and APSD). The 
studies mentioned above thus support the idea of investigating the phenomenon 
psychopathy through neurological methods.   
1.6 Affective processing in psychopaths measured by cognitive indicators : 
1.6.1 Psychopathy and Reaction Time 
Other research has focused on emotion processing in psychopathy by using the degree of 
accuracy and reaction times in the responses of incarcerated psychopaths and non-
psychopaths to emotional material. Day and Wong (1996) investigated the hypothesis that 
psychopaths are deficient in emotional stimuli processing by analyzing the accuracy and 
reaction times of non-psychopathic and psychopathic inmates, who were classified based 
on PCL-R criteria, to a bilaterally presented tachistoscopic task employing neutral or 
negative words or faces as stimulus material. They expected that psychopaths would 
employ strategies that relied more on linguistic based decoding (more left hemispherically 
based) than non-psychopaths who were more likely to emphasize strategies that paid 
greater attention to the emotional connotations and nuances of the stimulus material (more 
right hemispherically based).  
They found that when presented with negatively valenced words in the left visual 
field (LVF) (right hemisphere), non-psychopaths exhibited higher accuracy rates and 
faster reaction times than when presented with stimuli in the right visual field (RVF) (left 
hemisphere). This LVF (right hemipsheric) advantage was not found in psychopaths, only 
in non-psychopaths. The authors interpreted this as an emotional informational processing 
deficit in psychopaths and cite evidence that the right hemisphere is specialized for the 
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processing of the emotional significance of linguistic stimuli. However, these results did 
not extend to the second phase of the study that used neutral or negative emotion faces as 
stimuli. When presented with the negative or neutral faces in the RVF or LVF, non-
psychopaths and psychopaths showed no differences in visual field advantage. On ratings 
of affect intensity, psychopathic inmates, however, demonstrated decreased scores on 
these measures compared to non-psychopathic inmates. 
1.6.2 Psychopathy and Recall of Emotional Information 
Other studies have looked at psychopaths’ emotional deficiency and gleaned their 
insights by measuring the differences in the recall of emotional information or from 
differences in their emotional attributions. Christianson et. al. (1996) distinguished non-
psychopathic from psychopathic inmates using the PCL-R and then presented them with a 
series of slides in which one slide was the target. The target slide was either negative or 
neutral in emotional valence. The researchers found that although there were no group 
differences in the recall of central and peripheral information on the neutral slides, this 
was not the case for the negative emotion slides. In this task condition, psychopathic 
inmates showed no difference in the recall of central or peripheral information, unlike 
non-psychopaths, who demonstrated a distinct advantage for the recall of central 
information. The authors take this to mean that psychopaths did not show a narrowing of 
attention in central information processing in the emotional condition and thus that 
psychopaths are deficient in the processing of emotional information.  
1.6.3 Psychopathy and Emotional Attribution 
In another study, Blair, Sellars, Strickland, Williams  and Smith (1995) examined 
the attributions of emotion in incarcerated psychopaths and non-psychopaths who were 
identified using Hare's PCL-R. They found that psychopaths' response to the distress of 
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others was greatly diminished compared to non-psychopaths (Aniskiewicz, 1979, and 
House and Milligan, 1976). Specifically, psychopaths and non-psychopaths significantly 
differed in their emotional attributions to guilt stories. Psychopaths more often attributed 
happiness or indifference to protagonists in the intentional harm stories when the correct 
attribution was that of guilt. In stories of happiness, sadness and embarrassment, 
psychopaths and non-psychopaths did not differ in their emotion attributions. The authors 
interpreted these results in terms of Blair's violence inhibition model (VIM) and claimed 
that psychopathic individuals are not 'globally incapable' of experiencing emotion, but 
rather that they are specifically unable to attribute and probably feel, guilt.   
Studies in children have produced the same results. Blair (1997) found that high 
psychopathy scoring children attributed moral emotions to story protagonists to a lesser 
extent than low psychopathy scoring children, where psychopathy was assessed by the 
Psychopathy Screening Device, PSD. High psychopathy children also made weaker moral 
or conventional distinctions when compared to low psychopathy children. Other research 
has proposed that psychopaths demonstrate a hostile attribution bias. Doninger and 
Kosson (2001) have found partial support for this position. Their results revealed that 
Caucasian psychopaths used the aggressive construct with greater frequency though they 
did not attribute the other person’s behaviour to be hostile consistently. 
1.6.4 Psychopathy and affective acoustic stimuli 
Stevens, Charman and Blair (2001) in another study found that children scoring 
high on the PSD were impaired in the recognition of both sad tones and sad and fearful 
facial expressions but were not impaired in the recognition of other emotions such as 
happiness or anger. The authors then suggest that these results reflect early amygdala 
dysfunction. Blair et al. (2002) presented psychopaths and non-psychopaths with words in 
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happy, angry, sad, fearful and disgust tones. They found that psychopaths were unable to 
process fearful tones as they showed impaired recognition of these stimuli. Moreover, 
higher PCL-R scores were associated with an inability to recognize sad tones. Similar to 
the results for the study in children (Stevens et. al., 2001), this study indicates that 
psychopathy is associated with impairment in the processing of sad and fearful acoustic 
affect. Hiatt, Lorenz and Newman (2002) presented word stimuli in happy, sad, angry and 
neutral tones in two blocks of trials. In blocks with emotional targets (either sad or angry), 
psychopaths exhibited a reduced left-ear advantage compared to non-psychopaths. 
However, similar to non-psychopaths, they had a right-ear advantage for word targets. 
Thus it seemed that deficits in psychopaths are mostly concentrated in the arena of 
emotional processing. 
In the next section, a review of emotion is presented in so far as it relates to 
emotional deficits and their neural substrates in psychopaths. Theories of emotion will be 
reviewed, together with a discussion of the nature of emotion and findings from the 
studies of emotion. 
1.7 Emotion and the emotional brain 
Research has found that there are several types of emotions that can be 
distinguished. Ekman, Levenson and Friesen (1982) and Izard (1993) have uncovered 
between 7 to 9 basic types of emotions. Lang, Bradley and Cuthbert (1990) have 
emphasized the importance of two dimensions underlying all types of emotion, which are 
that of valence and arousal. These share the same neural circuits and structure which, 
when activated, mediate action. The proposition that emotion is organised dimensionally 
by motivational factors which serve to drive the behaviour of an organism is not a new 
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one. Hebb (1949) thought that two motivational features of behaviour were firstly, the 
intensity of activation and secondly, positive or negative valence.  
Several theorists dealing with the subjective reports of emotion have similarly 
proposed a dimensional structure for emotion behaviour. Studies of natural language 
categorization extended this contention by showing that emotion is hierarchically 
organized where a superordinate division exists that ranges between the dimension of 
positivity, that is pleasant states and negativity, that is unpleasant states. Osgood, Suci and 
Tanenbaum (1957) performed a factor analysis of evaluative language and found that the 
largest loadings were for a single factor they termed affective valence. This variable was 
envisioned to be on a continuum of positive valence, ranging from pleasantness (happy) to 
unpleasantness (annoyed, despairing). They found a second factor accounting for the 
largest amount of variance after affective valence. This factor was arousal. Emotional 
descriptors for this parameter were distributed from unaroused (relaxed, sleepy) to highly 
aroused (excited, stimulated). Other investigators using multivariate analyses of emotional 
language have derived similar conclusions. The valence-arousal dimensional taxonomies 
of emotion have received support from studies employing affective evaluation of text 
(Russell, 1980), facial expression (Davidson, 1995), psychophysiological measures like 
facial electromyograhic (EMG) changes, skin conductance (Greenwald, Cook, and Lang, 
1989) and is also evident in startle blink research (Lang, Bradley, and Cuthbert, 1992,  
Lang et al., 1998). 
To this tap this dual dimensional structure of emotion, Lang, Bradley and Cuthbert 
(1997) have calibrated a set of pictorial stimuli, the International Affective Picture 
System (IAPS), to be used in the study of emotion. The IAPS is based on the ratings of 
both the dimensions of arousal and valence. The boomerang shaped pa ttern of the pictures 
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in the IAPS displays two arms that extend from a calm, non-affective baseline to a high 
arousal, pleasant or unpleasant quadrant (Bradley and Lang, 1994; Lang et. al., 1998). 
This kind of organization is in line with the dual motivational structure theories of 
emotion (Davidson, 1992, Lang et al., 1990, 1997, 1998). These two motivational 
systems, the appetitive and aversive systems, have been proposed to be the foundational 
structure of valence, and are associated with behavioural, autonomic and neocortical 
activity, varying along the dimensions of arousal, which reflects the amplification of these 
systems’ activation levels.    
  There are currently over 700 photographic slides in the IAPS that include a range 
of semantic categories rated on the dimensions of valence and arousal (see Lang et 
al.,1997, pp 1249 for an in-depth description) from pictures of household items, babies, 
romantic couples, sports, erotica, to dangerous animals, guns, mutilated bodies and more. 
Each IAPS picture slide is represented by its mean rating in an affective space formed by 
the two dimensions of valence and arousal. A wide variety of arousal and valence levels 
are elicited by these pictures and they vary continuously along these dimensions, thus 
forming a boomerang- like pattern. This pattern holds true for acoustic stimuli (IADS) as 
well as words like the Affective Norms for English Words (ANEW) and suggests that the 
pleasantness of the slide (valence) is relatively correlated with the degree of arousal of the 
slide, further confirming the two dimensional organization of emotio n (Bradley and Lang,  
1994) However, extremely unpleasant events tend to also be highly arousing events (Lang 
et al., 1997). As such, there are few highly unpleasant pictures that occupy the space 
within the low arousal quadrant. Similarly, there are more pleasant items within the low 
arousal locality than there are unpleasant items though this is not to say that there are no 
pleasant highly arousing items. For pictures that are rated neutral in valence, high levels of 
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arousal do not usually accompany them in the two dimensional affective space (see Figure 
1.1 below). 
Figure 1.1: IAPS pattern of valence and arousal  
                       Increasing arousal                                                                      
 
Negative valence                Positive valence  
 
 
                         
                        Decreasing arousal 
 
1.7.1 Brain mechanisms of emotion: the amygdala  
Research (Adolphs, Russell, and Tranel, 1999, Adolphs, Tranel and Damasio, 1998, 
Armony, Servan-Schereiber, Cohen and LeDoux, 1997, Calder et al., 1996; Whalen, 
1998) has shown that the amygdala is a brain structure that has been repeatedly implicated 
in an organism’s acquisition and expression of learned fear responses and as such, has a 
vital role in recognition of emotional arousal.  
Calder et al. (1996) examined two bilateral amygdala damaged patients’ judgments 
of facial expressions to investigate if the amygdala is implicated in all emotion processing 
or just that of fear. They found that the participants were impaired specifically in the 
recognition of fear. Adolphs, Tranel and Damasio (1998) examined three participants’ 
judgments of unfamiliar faces on attributes of approachability and trustworthiness. These 
patients had complete bilateral amygdala damage. They found that these patients tended to 
judge unfamiliar faces as more approachable and trustworthy. Adolphs et al. concluded 
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that the amygdala  is important in social judgment. Adolphs, Russell and Tranel (1999) 
examined emotional recognition along the dimensions of valence and arousal in a patient 
with focal bilateral amygdala damage. They discovered that negative emotional arousal 
recognition was impaired for pictorial (facial expressions) and lexical (words and 
sentences) stimuli whereas emotional valence recognition was not compromised. Thus the 
amygdala is part of a specific circuitry that plays an important role in the recognition of 
unpleasant emotions (especially in the recognition of fear) in humans.  
LeDoux (2000) investigated the neural systems underlying fear conditioning in rats 
and found connections from the thalamus to the amygdala which subserve emotional 
processing through the transmission of neural signals. Specifically LeDoux found that 
damage to the lateral nucleus of the amygdala, termed LA, interfered with the 
conditioning of fear in rats whereas damage to the central amygdala interrupted the 
expression of conditioned fear. As such, the amygdala is posited to be the site of the 
organization of fear responses in the brain.  Whalen (1998) found further support for this 
proposition when he showed participants very brief presentations of fearful and happy 
faces, masked by neutral faces. Although self reports of these participants did not reveal 
seeing these masked affective faces, there was greater MRI activation of the amygdala. 
This provided support for the notion that the amygdala constantly monitors the 
environment for affective cues, whether or not this is within the focus of conscious 
awareness of the affective cues.     
In sum, these results support the idea that there are neural systems specialized for 
the identification and processing of certain basic emotions, such as that of fear and anger, 
and thus emphasizes that there exists in the brain a specific circuitry for affective 
processing. The studies (Adolphs, Russell, and Tranel, 1999, Armony, Servan-Schereiber, 
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Cohen and LeDoux, 1997, LeDoux, 2000 and Whalen, 1998) also seem to indicate that 
amygdala damage impairs emotional recognition, especially that of fear. Moreover, the 
amygdala’s function appears to be that of emotional vigilance as suggested by Whalen 
(1998). Although research has shown the amygdala to be implicated in emotion 
processing (especially negative emotion) , it should be noted that the precise way in which 
it is involved or interacts with other brain systems still remains elusive. 
1.7.2 Brain mechanisms of emotion: the  orbitofrontal cortex 
Research has found that the frontal lobe is involved in several executive functions 
including: directing the organism (Hall, 1993), selective attention, switching attention, 
monitoring internal and external demands, planning (Golden, Jackson, Peterson-Rohne 
and Gontkovsky, 1996), initiation and adapting behaviour (Hawkins and Trobst, 2000). As 
the frontal lobe is involved in many functions, a deficit in this region has an impact on 
several areas of an individuals’ functioning. In frontally damaged patients, there are 
several impairments associated with these executive functions and they take the form of; 
apathy and ‘pseudodepression’, emotional lability, planning, sequencing and behaviour 
initiation difficulties (Hawkins and Trobst, 2000), problems in abstract reasoning, rigidity 
(response perseveration) and in monitoring behaviour such the inhibition of inappropriate 
responses for example aggression or interpersonal insensitive or inconsiderate behaviour 
(Golden et al., 1996 and Lezak, 1995).      
Sinc e the case of Phineas Gage in 1848, the orbitofrontal cortex has been 
increasing implicated in the study of emotion.   The orbitofrontal cortex is divided into the 
lateral-orbital prefrontal cortex and the ventromedial prefrontal cortex. It is this latter 
region that regulates the organism’s evaluation and response to social and emotional 
information. Other research posits that the orbitofrontal cortex is responsible for making 
  Neuroaffective Processing in Psychopaths 
  30 
stimulus-reinforcement associations (Rolls, 1999). In a study, Rolls, Wade and McGrath 
(1994) found that patients with orbitofrontal lesions were unable to adjust their responses 
when the task stimulus-reinforcement parameters were changed. Blair and Cipolotti 
(2000) examined a patient with bilateral orbitofrontal cortex damage. They found that he 
had impairments in recognition of facial expressions and tended to be both impulsive and 
aggressive. They then suggested that orbitofrontal cortex was responsive for regulating 
these functions.  
Damasio (1994) found that ventromedial damaged patients had attenuated skin 
conductance responses when presented with unpleasant, arousing picture slides unlike 
control participants who exhibited large skin conductance responses. In a card playing task 
where participants learnt which pile of cards was risky, Damasio (1994) found that 
orbitofrontal patients did not have the anticipatory skin conductance responses observed in 
control participants when considering a risky card.  Hawkins and Trobst (2000) reviewed 
a number of studies and found evidence that frontal lobe lesions were associated with 
aggression. Grafman, Schwab, Warden, Pridgen and Brown. (1996) examined Vietnam 
war veterans with head injuries, using computed tomography and found that veterans with 
ventromedial frontal lobe damage were reported to be more aggressive by family and 
friends than compared to veterans with damage in other areas of the brain. Thus, it is clear 
that the prefrontal lobes, in particular the orbitofrontal cortex, play an important role in 
emotion.  Since psychopathy is associated with an emotional deficicency, it is reasonable 
to suspect that this emotional deficiency might be located at the prefrontal lobe. Thus, the 
current study attempts to investigate the reality of this deficiency and the localization of its 
source cerebrally. 
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1.7.3 Emotion and affective hemispheric asymmetry  
Research (Davidson, Ekman, Saron, Senulis and Friesen, 1990; Heller, 1990) 
concurs with the idea that there are distinct neural systems for the processing of emotions. 
Heller posits that there are two systems of emotional processing, the first being at the 
frontal lobe region and the second being temporally-parietally distributed. The former is 
thought to be involved in affective valence while the latter is thought to be related to 
autonomic arousal. The individual’s affective state thus reflects the relative activation of 
the systems in relation to one another (Heller, 1990). 
Other researchers employing electrophysiological methods have concurred and 
found support for these conclusions. These studies have tended to confer a left frontal 
hemispheric advantage of emotional processing for positively valenced stimuli and right 
frontal for the processing of negatively valenc ed stimuli. Wheeler, Davidson, and 
Tomarken (1993) found that participants whose resting EEG had a greater left frontal 
activation, rather than right frontal activation, reported more intense reports of positive 
affect in response to positive films. Furthermore, when Davidson and colleagues 
(Davidson et. al., 1990) showed positive and negative films to participants while 
videotaping their facial expressions and scoring it (FACS), they found that disgust 
expressions were correlated with right anterior activatio n and happiness was correlated 
with greater left anterior activation in terms of alpha power2. 
Similar findings were generated in studies of hemispheric lateralization of frontal 
brain activity during elicitation of positive or negative emotion in infants in the laboratory 
(Fox and Davidson, 1987). The same phenomenon was present in adults in response to 
negative affect film clips (Tomarken et. al., 1990) where greater left frontal activation was 
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associated with reports of more positive affect to positive film clips. In the same way, 
greater right frontal activation was associated with more intense negative reports to 
negative film clips.  
Clinical data provides some support for the proposition of that valence is 
associated with the frontal lobe. Starkstein (1987) reported that stroke patients with left 
frontal lobe damage were depressive and showed greater severity of depression the closer 
to the frontal pole the damage was. Frontally right hemispheric damaged patients were 
conversely indifferent or even euphoric. As such, observations of left frontal damaged 
patients show them to be characteristically apathetic, lacking in interest or pleasure, 
having difficulty initiating voluntary action and invariably reporting depression (Davidson 
et. al., 1990, Robinson et. al., 1984).  
In the same manner, research using other functional imaging techniques has found 
that a decrease in the activation of the left frontal lobe and of the left cingulate gyrus is 
correlated with depression (Bench, 1992) while other studies have reported that a 
dysfunction in the prefrontal cortex (Drevets, 1998) is importantly linked to depression. 
Taken together, the studies mentioned above all agree that there exists neural substrates 
specific for emotional stimuli processing where the anatomical substrate of focus is the 
frontal lobe area. The left frontal area is hypothesized to be specialized for processing 
positive emotional stimuli while the right frontal region is adapted for processing negative 
emotional stimuli. 
1.7.4 Emotion and neural imaging  
Advances in neuroimaging techniques have contrib uted greatly to the 
accumulation of knowledge of emotional processing. In general, these techniques have 
                                                                                                                                                                                            
2 Alpha powerrefers to the computer mathematical calculation of the resting EEG of the brain  
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singled out vital regions integral in emotional processing involving the visual processing 
areas, the insula, the amygdala, the anterior cingulate cortex and importantly the 
orbitofrontal cortex (Lane, 1997). Lane (1997) looked at regional cerebral bloodflow of 
female participants using the PET technique and found that during the viewing of affective 
(positive or negative valence) pictures, cerebral bloodflow to the regions of the medial 
prefrontal cortex, thalamus, hypothalamus and midbrain was greater than during the 
viewing of non-affective (neutral) pictures. Furthermore, unpleasant pictures evoked 
greater activity in the extrastriate visual cortex, especially in Brodmann’s area 18 and 19, 
when compared to neutral pictures.  
Lang et al. (1998) conducted a study of brain activity, using the affective picture 
system (IAPS) by employing the fMRI technique. They discovered sex differences in 
brain activation, specifically that females participants showed greater right hemispheric 
activation than male participants when processing unpleasant pictures. Males appeared to 
show more extensive activation when viewing pleasant pictures. Likewise, Irwin et al. 
(1996) have uncovered differences in activation in the amygdala when participants viewed 
unpleasant IAPS pictures than when they viewed neutral pictures.  
Drevets and Raichle (1995) employed Positron Emission Tomography imaging of 
regional bloodflow to study patients with familial pure depressive disease (FPDD) in the 
depressed and remitted phases. They found that bloodflow was increased in the left 
prefrontal cortex and left amygdala. Drevets and Raichle’s results suggest that there are 
two pathways that are implicated in FPDD which are; a limbic-thamalo-cortical circuit 
that encompasses the amygdala and the medial thalamus, and the ventrolateral prefrontal 
cortex, the medial prefrontal cortex, the striatum and the ventral pallidum. They then 
posited that the amygdala is the system that directly activates for these pathways. The 
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studies above thus indicate that distinct neural circuitry mediating appetitive and aversive 
systems exist in the brain. Devets (1998) in a later study found that the subgenual 
prefrontal cortex had decreased bloodflow in depressed patients compared to control 
participants.       
1.8 Rationale for the current study  
This thesis attempts to identify the ERP components that index neuroaffective (as 
opposed to neurocognitive) processes. This was addressed in the first study (described in 
Chapter 2, undergraduate study) where the hypothesis was that certain ERP components 
would be enhanced by ‘affective mismatch’ (affective events occurring in the context of 
frequent neutral events), while other ERP components would be enhanced by cognitive 
mismatch (a novel semantic category occurring in the context of a frequent familiar 
semantic category).  
As discussed in the previous sections, much clinical (Cleckley, 1976 and Lapierre 
et al., 1995) and experimental evidence (Christianson et. al. 1996, Hare, 1992, Kiehl et al., 
1999) has pointed to the idea that psychopaths have an affective processing dysfunction. 
However, the exact nature of this affective processing deficiency has not yet been 
precisely delineated. Consequently, this thesis attempts to these ERP indices of affective 
processing identified in the first study to delineate differences between psychopaths and 
non-psychopaths in their neuroaffective processing. This was addressed in the second 
study (Chapter 3, prisons study) where the hypothesis was that those previously identified 
ERP indices of affective processing would distinguish psychopaths and non-psychopaths, 
whereas ERP indices of neurocognitive processing might not.  
As mentioned in the earlier review, some researchers propose that psychopathy is 
more related to a frontal lobe deficit (Gorenstein 1982, Hare, 1984, Lapierre et. al., 1995 
  Neuroaffective Processing in Psychopaths 
  35 
and Raine, 1998) or while other research purport an amygdala (posterior) processing 
deficit (Blair et al., 1995, 1997). In light of the research indicating a frontal deficit, the 
neuroaffective deficit seen in psychopaths would likely manifest itself at the frontal 
electrode sites. Alternatively, this frontal impairment might compromise not only 
neuroaffective but also neurocognitive processing. In other words, the frontal impairment 
might be reflective of the deficits in neural processing psychopaths in general, regardless 
of the nature of that processing. Hence, it was important to investigate the processing of 
these areas in psychopaths and non-psychopaths in a neuroaffective processing paradigm. 
In order to investigate the affective deficits in psychopaths, this study used a 
variant of the (3-stimulus) oddball paradigm. In this is a paradigm, participants process 
infrequent affective stimuli in the context of frequent non-affective stimuli. As the 
affective stimuli are embedded in an unrelated semantic task, this design is particularly 
suited to the task of illuminating how affective processing is accomplished in the ‘real 
world’ as the emotional stimuli ‘distracts’ or ‘interrupts’ a task. This is ecologically more 
valid as it closely represents what would occur in a naturalistic setting.   
In the next chapter, the first study is described. This study uses an undergraduate 
sample and is a pilot study to explore and identify particular components of the ERP 
responsive to the affective and semantic conditions. The second study described in 
Chapter 3, uses an incarcerated sample of psychopaths and non-psychopaths  and was done 
to delineate specific indices of affective and cognitive processing in these two groups of 
offenders and the localization of psychopaths’ neuroaffective processing deficit. 
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2.1.1 ERP correlates of emotional processing 
Several researchers have utilized ERPs to study neural processing (see Appendix 
A on ERPs). In the study of emotion, ERPs have been used to delineate affective 
processing. The stimuli used in these paradigms are diverse, employing picture slides, 
faces or words as stimuli. Some of these studies, categorized according to stimulus 
parameters, are discussed in greater detail below. 
2.1.2 ERP as indices of emotion in paradigms employing acoustic stimuli. 
Erhan, Borod, Tenke and Bruder (1998) employed a dichotic target detection task 
and presented nonsense syllables with emotional tones (positive and negative emotions) in 
4 blocks with different emotional tones as targets in each block. They found a greater left 
ear than right ear advantage, as such a right hemisphere compared to left hemisphere 
advantage. There was an enhanced N100 and sustained negativity (peaking between 
300ms-900ms) that was maximal over the central and frontal sites, respectively. A late 
positivity beginning at 1000ms and continuing till 1500ms was also found to be maximal 
for targets over the parietal area. The slow wave, on the other hand, was greatest parietally 
and smallest frontally and was sensitive to the valence of the stimuli (greater for negative 
than positive emotion).    
2.1.3 ERP, emotion and paradigms employing words as stimuli 
Naumann, Bartessek, Diedrich and Laufer (1992) studied affective and cognitive 
processing using negative, positive and neutral words in a structural and affective 
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processing task. In the structural task, they made decisions as to whether a word was 
shorter, equal or longer than 6 letters. In the affective processing task, they were asked to 
give a rating of whether the word was positive, negative or neutral in emotion. They found 
that the affective processing task produced a sustained positive shift that was frontally 
maximal for all 3 types of words. They also found heightened P3 amplitudes, across the 
two tasks, for words with emotional value. In another study, Naumann, Maier, Diedrich, 
Decker and  Bartessek (1997) extended these results by using a semantic processing task in 
addition to the structural and affective processing task used in the previous study (1992). 
They used two types of word stimuli, negative and neutral, and instructed participants to 
either decide if the noun had the letter ‘L’ in it (structural task), was a concrete or abstract 
noun (semantic task) or if the noun was affectively neutral or negative (affective task). 
They found mixed results as compared to the previous study (Naumann et al., 1992). A 
parietally maximal wave was found across all three experimental conditions. The P3 
amplitude was enhanced only for negative emotion words in the affective task group.  
Stormark, Nordby and Hugdahl (1995) used negative and neutral emotion words as 
cues in an attention task. On invalidly cued trials, the P1 and P3 components were 
enhanced while overall, the P3 was enhanced to negative emotion cue words. Chung et. al. 
(1996) had participants, who were induced to be in a pessimistic or optimistic mood state, 
read stories with good, bad or incongruent outcome words. The results showed that N4 
amplitude was most negative to word endings that were semantically incongruous to the 
context of the story. The N4 was also significantly enhanced, though to a lesser extent, to 
word endings that were anomalous to the induced mood of the participants. However, the 
site at which N4 was maximal differed for participants in a pessimistic or optimistic 
mood. In the case of the former, this area was the posterior scalp while for the latter it was 
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specific to the medial frontal region. The P3 showed discrimination between outcome 
word endings. There was a difference between good and bad word endings over the 
medial frontal area for participants in an optimistic mood state whereas pessimists 
exhibited a posterior distribution. 
2.1.4 ERP, emotion and paradigms employing facial stimuli 
Laurian, Bader, Lanares and Oros (1991) measured the ERP elicited by positive, 
negative or neutral emotional faces. They found that all three conditions, five prominent 
ERP peaks emerged. These were a N1, P2 and N2, P3 and SW. Laurian and colleagues 
focused their analysis on the P3 amplitude and derived topographical maps from these. 
They found that for emotional faces rather than for neutral faces, the largest amplitudes 
occurred mostly over the right centroparietal area. They also found significant differences 
in the amplitude enhancement over the left frontal area but only for positive faces. Kayser 
and coworkers (Kayser et. al., 1997) had participants view 32 pictures of patients with 
dermatological disease, with 16 of these pictures depicting disordered facial regions, 
serving as negative emotional pictures and the other 16 of these pictures depicting the 
same facial regions after the area had healed, thus serving as neutral stimuli. They found a 
right hemispheric difference in emotion processing which was maximal over the parietal 
area in the time epoch of N2 and early P3, peaking for negative affective pictures and 
decreasing for neutral stimuli.  
In a similar study, Kayser, Bruder, Tenke, Stewart and Quitkin (2000) found that 
depressed patients did not exhibit an enhanced late P3 (460ms) to negative pictures 
(disordered facial pictures) unlike controls who exhibited a large late P3 over the parietal 
site. Depressed patients, however, had an enhanced early P3 (330 ms) for negative 
pictures than neutral pictures.  Marinkovic and Halgreen (1998) examined the  ERPs to 
  Neuroaffective Processing in Psychopaths 
  39 
happy, sad and neutral faces. They found that the late positive complex (LPC), occurring 
between 450-600ms, was greater at the frontal site for emotional faces. 
2.1.5 ERP, emotion and paradigms employing pictorial slides 
Dietrich, Naumann, Maier, Becker and Bartessek (1997) presented positive, 
negative and neutral slides from the IAPS and asked participants to attend to either the 
emotional content of the slide (affective processing) or to the lines inserted into the picture 
slides (structural processing). They found that the positive slow wave (between 600-
800ms) was sensitive to differences in valence and was enhanced to affective processing 
of the stimuli. Furthermore, the frontal and parietal sites were differentiated by their 
waveforms. Frontally, the slow wave started at 450ms and reached a maximum at 1000ms 
while parietally, the slow wave reached its maximum at 720ms. Palomba, Angrilli and 
Mini (1997) showed 60 emotional slides from the IAPS, consisting of 20 slides each for 
pleasant, unpleasant and neutral conditions. They recorded visual evoked potentials from 
central and parietal midline and found that emotional slides produced greater ERP 
positivity and tended to be remembered better than neutral slides. They further found 
correlations between the negative slow wave component and heart rate deceleration and 
between P3 at the central and parietal amplitude and the number of emotional slides 
remembered.  
Carretié, Iglesias, Garcia and Ballenstens  (1997) studied the effects of arousal 
(high or low) and valence (pleasant or unpleasant) through 4 groups of 3 pictures each. 
The groups were as follows; high activation (arousal) and positivity (valence), high 
activation and negativity, relaxing (lowest arousal and neutral valence) and neutral (on 
both dimensions). They found that although N2 and P3 did not show any significant 
changes with regards to the stimuli presented, an N3 component was most negative for 
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both the high activation (arousal) positive and negative stimuli. For the former group, N3 
was maximal frontally (positive stimuli) while it was maximum parietally for the latter 
group (negative stimuli). In a later study, Carretié, Mercado, Tapia and Hinojosa (2001) 
used positive, negative and neutral emotion pictures and found that the valence of the 
stimuli was related to a P200 component that was maximal at the frontal and central leads, 
with negative valence pictures eliciting the highest P2 amplitude. Cuthbert, Schrupp, 
Bradley, Birbaumer and Lang (2000) discovered a late positive wave, starting at 200ms 
and reaching maximum amplitude at 1000ms, that was enhanced (parietal site maximal) to 
both pleasant and unpleasant pictures that were highly arousing, such as erotic or violent 
pictures respectively. Schupp et. al. (2000) found that affective pictures, both pleasant and 
unpleasant, showed an enhanced late positive potential, occurring between 350-750msec, 
when compared to neutral pictures. This potential was also enhanced to pictures of higher 
arousal rather than pictures of lower arousal.   
 As discussed above, several ERP components are seen to index affective  
processing, thus indicating that ERPs are insightful tools suitable for investigating 
affective information evaluation and processing. The first study, an undergraduate sample, 
aimed to explore and identify which particular components of the ERP were responsive to 
the experimental manipulation of affective and semantic conditions. The experimental 
paradigm employed here is a variant of the (3-stimulus) oddball paradigm whereby 
participants process infrequent affective pictorial stimuli (the actual target) in the context 
of frequent non-affective pictorial stimuli while the use of pictorial stimuli further ensures 
that the affective processing is not confounded with cognitive processing as in the case of 
other paradigms using words as stimuli.  
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2.2 Hypotheses  
The current study aims to explore the ERP components that are be able to time 
lock to emotional processing events. Past research reviewed previously has shown certain 
ERP components and regions of the brain, specifically the prefrontal area, to be important. 
These  are possibly the N2, the P3, N4 and the negative slow wave although the 
invest igation of the negative slow wave is an exploratory one as it has only been tenuously 
linked to emotional processing. Thus, the following hypotheses are formulated: 
1. The first hypothesis is that the N2’s amplitude would be enhanced (show greater  
negativity) to the affective/living condition (affective mismatch condition) than to the 
other two conditions, neutral/living and neutral/non-living (cognitive mismatch condition)  
at the prefrontal site. 
2. The second hypothesis is that the P3’s amplitude would be more enhanced (show 
greater positivity) to the neutral/non- living (cognitive mismatch) condition than to the 
other two conditions (neutral/living and affective/living) condition at the prefrontal site. 
3. The N4 elicited traditionally in Kutas and colleagues’ paradigm discussed previously 
might have been modulated not only to the semantic word- fit expectation violation but 
also to an affective violation that was present. For example, the N4 was attenuated to 
deviant ending in the sentence “he spread the warm bread with socks’. However, the 
incongruity of the terminal word in the sentence not only violates a semantic expectation, 
it also creates an emotional reaction as admittedly spreading bread with warm socks is a 
rather disgusting enterprise. Hence, the current study attempts to tease apart the semantic 
violation from the affective one, and so to speak, pit these two against each other to see if 
one is dominant over the in eliciting the N4 component. Thus, the third hypothesis is that 
the N4’s amplitude (both early and late N4) would be more enhanced (show greater 
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negativity) to the affective/living condition (affective mismatch) compared to the 
neutral/non- living condition (cognitive mismatch) at the prefrontal site.  
4. The negative slow wave’s (nSW) amplitude would be enhanced (show greater 
negativity) to the affective/living condition (affective mismatch condition) than to the 
other two conditions, neutral/living and neutral/non-living (cognitive mismatch condition)  
at the prefrontal site. 
5. As a check on the manipulation of valence of the stimuli, it is hypothesized that the 
ratings of the picture slides on the dimension of valence would be higher for the 
affective/living condition compared to the neutral/living and neutral/non- living conditions. 
6. Similarly, as a check that only the dimension of arousal was not manipulated, it is 






Twenty-one male first year psychology undergraduates at the National University 
of Singapore were recruited for this study. These first year psychology students, mean age 
of 22.14 years, were given credits in partial fulfillment of the requirements for the level-
100 psychology course in return for their participation in the study. Of this sample, only 
one participant was found to be left handed using the Handedness Inventory (Annett, 
1967). Participants reported to be free of any neurological or psychological impairment. 
All the participants were asked to use their preferred hand when responding. These 
participants then gave their written consent to participate in the study after being briefed 
about the procedures and the task that were involved.  
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2.3.2 Stimulus  
Using the International Affective Picture System, IPAS (Lang, Bradley and Cuthbert, 
1997), 69 colour slides were selected based on different permutations of two categories; 
semantic (living or non-living) and affective valence (positive or neutral) for the three 
experimental conditions of neutral/living, positive affective/living and neutral/non-living 
(see Appendix D- F for IAPS ratings of these slides). The pictures were selected based on 
the normative ratings carried out by Lang, Bradley and Cuthbert (1997) on the two 
dimensions of valence and arousal on a 9-point scale, where higher scores indicate higher 
intensity of that particular dimension. As this study centred around the manipulation of the 
dimension valence, the arousal dimension was controlled for. Hence, picture slides that 
were rated within the arousal range of 4.0 to 5.99 (Lang, Bradley and Cuthbert, 1997) 
were selected as stimuli in this study. 
2.3.3 Design 
The experiment comprised three conditions ; neutral condition (30 pictures of 
living things), affective (affective mismatch) condition (23 positive affective pictures) and 
semantic (cognitive mismatch) condition (16 neutral pictures of non- living things). The 
pictures in the neutral condition had mean valence ratings of 4.90 (SD= 1.73) and mean 
arousal ratings of 4.92 (SD=2.10). Those in the affective condition had mean valence 
ratings of 7.27 (SD= 1.54) and mean arousal ratings of 4.64 (SD= 2.21). Finally, the 
semantic (target) condition consisted of pictures that had mean valence ratings of 4.67 
(SD= 1.68) and mean arousal ratings of 4.77 (SD= 2.19). The paradigm was a variant of a 
3-stimulus oddball task. The pictures in the 3 conditions were presented in different 
proportions ; 80% neutral/living, 10% affective/living (affective category) and 10% 
neutral/non- living (semantic category) such that there were 128 neutral/living pictures 
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(non-mismatch trials) while there were 16 affective /living pic tures and 16 neutral/non-
living pictures (both are mismatch trials). A computer program called VISTIM and 3 
STIM (McCullagh, McAllister, Howard and Neo, 2001 and McCullagh & Howard, 2001) 
randomly presented picture slides from the three conditions during the trial. 
2.3.4  Task 
Participants were asked to discriminate between the living and non- living pictures. 
Using only the index and middle fingers of their dominant hand, participants were 
required to press the right button to non- living picture slides (target). On the other hand, 
when non- living thing picture slides occurred  (non-targets), participants were required to 
press the left button. As participants were not made explicitly aware of the emotional 
content of the pictures, the paradigm was essentially an overt task of discriminating 
between semantic categories with an embedded affective discrimination task to tap the 
brain’s processing of affective stimuli. In this paradigm, affective mismatch occurred 
when a affective/living picture was presented within a context of neutral/living pictures, 
regardless of semantic category (living or non- living). Cognitive, or semantic, mismatch 
occurred when a neutral/non- living picture was presented within a context of living 
pictures, regardless of affective category (neutral or affective). Pictures in all three 
conditions were randomly  presented to participants by a computer program (see section 
2.3.6 below on EEG recording).   
2.3.5 Procedure 
Participants, upon arrival, were administered a phobia scale so that they could  rate 
for specific fears. This was to establish that the sample pool was free of phobias that might 
be triggered by the stimulus pictures (Fear Survey Schedule: Wolpe and Lang, 1964, see 
Appendix H). After this, electrodes were attached to the participants’ scalp using 
  Neuroaffective Processing in Psychopaths 
  45 
collodion. Participants then sat in a softly lit room, in a comfortable recliner with a 
computer monitor at a distance of 0.75m away from them. There was a cursor in the 
middle of the computer screen serving as a point of fixation. The keyboard for target 
response was placed on their lap and they were told to use the index and middle fingers of 
their preferred hand to respond to the target. 
The participants were then instructed in English as follows: “You will see several 
pictures on the screen. When you see pictures of these living things, press the ‘,’ with your 
index finger. When you see a picture of a non- living thing, press the ‘/’ key. This means 
that every time a picture is flashed on the screen, you MUST respond  to it.” 10 practice 
picture slides were then shown to the participants to ensure they understood the task. 
Participants were then instructed to fixate on the center of the screen to avoid 
excessive eye saccades. Each stimulus was presented for 1000ms, followed by a blank 
screen for 500ms. Participants were told to respond as quickly and as accurately as 
possible. Participants were also encouraged to try not to blink during stimulus 
presentation. They were told to try and blink quickly after the presentation of the stimulus 
when the screen turned blank. After the experiment, participants were shown each slide 
individually and asked to rate these slides on the Self Assessment Manikin (SAM), a 9-
point ordinal scale for each dimension of arousal and valence (see Appendix I). 
2.3.6 Electroencephalographic Recording (EEG)        
The electroencephalography (EEG) was recorded using Ag/AgCl electrodes 
applied to the prefrontal (Fpz), frontal (Fz), central (Cz) and parietal (Pz) locations, left 
and right mastoids (linked mastoids as reference) and a forehead ground using a 4-channel 
Grass Neurodata machine. Signals were amplified at x 50000 for all the scalp locations 
with filter bandpass at 0.01 to 30 Hz. Eye movements were monitored using the  Fpz 
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channel, thus allowing for immediate rejection of trials that contained excessive eyeblink 
artifacts (since these trials with eye blinks cause deviations of more than 50 mV on the 
oscilloscope). These trials with eyeblink artifacts were excluded from the average. The 
acquisition of signals was controlled by a laptop utilizing the VISTIM and 3-STIM 
software package (McCullagh, McAllister, Howard and  Neo, 2001 and McCullagh & 
Howard, 2001) which sampled each trial for a time of 1500ms with a 500ms prestimulus 
baseline. All artifact- free trials were averaged and displayed separately according to each 
of the 3 stimulus conditions ; neutral, affective and semantic (target) condition in each 
channel; prefrontal (Fpz), frontal (Fz), central (Cz) and parietal (Pz).  
2.3.7 Data Reduction and Analyses 
The time epochs analyzed were chosen through visual inspection of the grand 
averages and include; N2 (199-275ms), P3 (275-400ms), N4a (400-500ms), N4b (500-
600ms) and negative slow wave (600-999ms). With the exception of negative slow wave 
(nSW), maximum peak amplitudes and latencies were analyzed in all the predetermined 
epochs. For nSW amplitude, all the time points sampled between 600-999ms were 
averaged. Hence, there was no maximal peak latency for the nSW available for analysis. A 
2-way repeated measures analysis of variance was run on the peak amplitudes and 
latencies in each identified time window. Post hoc tests utilizing one-way ANOVAs and 
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2.4 Results  
2.4.1 SAM ratings 
After the experiment, participants were asked to rate the level of valence or arousal 
they perceived for each picture slide using the Self Assessment Manikin (SAM). The 
SAM ratings were then subjected to two one-way ANOVAs. The one-way ANOVA for 
the effect of condition was found to be significant, F(2,57) = 20.196, p < .001, and 
supported the hypothesis that valence ratings for the affective /living condition were  
significantly higher compared to the neutral/living condition, t (58) = -5.016,  p<.01  and 
the neutral/non- living (semantic) condition, t (58) = -5.889, p<.01. The one-way ANOVA 
for arousal ratings was not found to be significantly different between conditions, F (2,57) 
= .273, p >.05 (see Table 2.1 below). These results verify that the experimental 
manipulation to vary valence, while holding results constant across conditions, was 
successful.  
Table 2.1 SAM Rating for Undergraduate Study 
_____________________________________________________________________________________ 
      Valence  Arousal 
_______________________________________________________________________ 
         
Neutral/Living (Neutral)   4.58 (0.97)   5.68 (1.49)  
  
Affective/Living (Affective )   6.17 (0.98)   5.36 (1.64) 
          
Neutral/Non-Living (Semantic)  4.30 (1.08)   5.67 (1.52)   
________________________________________________________________________ 
 
2.4.2  Behavioural data 
Table 2.2 shows the behavioural data for this study. One participant’s data had to be 
discarded from the analysis as his percentage of accurate responses was less than 75%.  
This exclusion left behind 20 participants’ behavioural data. Two one-way ANOVAs were  
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conducted on the accuracy rates and reaction times. A main effect of condition was found 
significant for accuracy rates, F (2,57) =7.657, p < .001. Bonferroni tests revealed that the 
percentage accuracy was significantly lower for the neutral/non- living condition compared 
to the neutral/living condition, t (58) = -3.520, p< .01 and the affective/living condition, t 
(58) = 3.251, p <.01. When a one-way ANOVA was performed on the reaction times, 
significant main effect of condition was found, F (2,57) = 8.274, p < .001. Bonferroni tests 
revealed that reaction time was longer in the neutral/non- living condition relative to the  
neutral/living condition, t (58) = 4.064, p <.001.   
Table 2.2 Behavioural Data for Undergraduate Study 
_____________________________________________________________________________________ 
 
    Accuracy (%)    Reaction Times (msec) 
_______________________________________________________________________ 
 
    Mean  SD   Mean  SD 
 
Neutral/Living  95.82  6.33   638.28  96.37 
(Neutral) 
Affective /Living   95.00  10.06   697.27  111.22 
(Affective Mismatch) 





2.4.3 ERP data 
The ANOVA summary table for amplitudes and latencies at each of the different 
ERP epochs are shown in Table 2.3  (see overpage, pp. 51). Next, the grand averages for 
each condition at each site for all participants were computed. These are shown in Figures 
2.1a-2.1d where the y-axis is the amplitude measured in microvolts and the x-axis is the 
time measured in milliseconds. The time epochs to be examined were determined through 
visual inspection of the grand average waveforms (Figures 2.1a-2.1d). The time windows 
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that were considered for further analysis were; N2 (199-275ms), P3 (300-400ms), N4a 
(400-500ms), N4b (500-600ms) and nSW (600-999ms). Following this, repeated measures 
ANOVAs were conducted on the peak amplitudes and latenc ies for each of the identified 
time epochs.  
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ERP grand averaged waveform description 
 
The ERP wave starts out slightly positive at 100ms post-stimulus for all sites (see 
Figures 2.1a-2.1d) and becomes increasingly positive. This is especially so at the frontal 
and central sites. It then moves into a slow, sustained negativity until 1000ms post-
stimulus.  
N2 amplitude (199-275ms) 
In this time epoch, the first hypothesis was not supported as there was only a main 
effect  of site, F (2,42) =18.539, p<.001, h2=.481. A one-way ANOVA at post hoc was 
significant, F (3,80) = 3.567, p< .05 and determined that the parietal site was significantly 
more negative than the frontal site, t (82) = -2.866, p<.05 and central sites, t (82) = -2.761, 
p<.05 (see Figure 2.2).  
 











        Fpz           Fz              Cz       Pz 
          
where Fpz refers to the prefrontal site, Fz refers to the frontal site, Cz refers to the central site, Pz 
refers to the parietal site and amp refers to amplitude in microvolts 
 
N2 latency (199-275ms) 
The findings here uncovered no significance for condition or site, p > .05.  
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P3 amplitude (275-400ms) 
Results for this time window indicated significant main effects, condition, F (2,42) 
= 25.453, p<.001, h2=.560 and of site, F (3,63) = 15.626, p<.001, h2=.439. The  
interaction between these two variables, condition X site was significant, F (6,126) = 
2.703, p<.05, h2=.119, thus supporting the hypothesis  that P3’s amplitude would show 
greater positivity to the neutral/non-living (cognitive mismatch) condition than to the 
other two conditions (neutral/living and affective/living) condition at the prefrontal site. A 
one way ANOVA at post hoc revealed that P3’s amplitude in the neutral/non-living 
condition was significantly more positive than in the affective/living condition at the 
prefrontal site, F (2, 60) =6.241, p < .05, t (61) = 2.923, p<.01 (see Figure 2.3).  








prefrontal frontal central parietal
 
 C1                   C2                 C3 
 
where C1 refers to neutral/living pictures condition, C2 refers to affective /living pictures 
condition, C3 refers to neutral/non-living pictures condition and amp refers to amplitude in 
microvolts 
 
P3 latency (275-400ms) 
The results revealed a main effect of condition, F (2,42) = 5.041, p<.05, h2 =.201, 
and a main effect of site, F (3,63) = 17.261, p<.001, h2 =.463. At post hoc, the one-way 
ANOVA for condition was significant, F (3, 60) = 3.801, p< .05 and revealed the latency 
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for the semantic condition to occur later than the neutral condition, t (61) = -2.750, p <.05 
(see Figure 2.4). Similarly, the post hoc one-way ANOVA for site was significant, F 
(3,80) = 7.042, p< .001, such that the P3’s latency occurred earlier prefrontally, t (82) = -
2.813, p <.05 and parietally, t (82) =3.701, p <.01, compared to the central site (see Figure 
2.5).  
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where C1 refers to neutral/living pictures condition, C2 refers to affective /living pictures 
condition, C3 refers to neutral/non living pictures condition  and lat refers to latency in 
milliseconds  
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where Fpz refers to the prefrontal site, Fz refers to the frontal site, Cz refers to the central site, Pz 
refers to the parietal site and lat refers to latency in milliseconds 
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N4a (early N4) amplitude (400-500ms) 
The data analysis at this time epoch disclosed two main effects, condition, F (2,42) 
= 15.941, p<.001, h2=.444 and site, F (3,63) = 17.353, p<.001, h2=.465 and  a condition X 
site interaction, F (6,126) = 6.541, p<.001, h2=.246. Thus this conditio n X site interaction 
supported the hypothesis that N4’s amplitude would be more enhanced to the 
affective/living condition (affective mismatch) compared to the neutral/non-living 
condition (cognitive mismatch) at the prefrontal site. Post hoc comparison using a one-
way ANOVA was significant, F (2, 60) =3.731, p <.05 and revealed that the 
affective/living condition was significantly more negative than the neutral/non-living 
condition at the prefrontal site, t (61) = - 2.477, p < .05 (see Figure 2.6).  








prefrontal frontal central parietal
 
              C1               C2               C3 
 
where C1 refers to neutral/living pictures condition, C2 refers to affective /living pictures 
condition, C3 refers to neutral/non-living pictures condition and amp refers to amplitude in 
microvolts 
 
N4a (early N4) latency (400-500ms)  
The analysis at this time window yielded a main effect of site, F (3,63) = 3.912, p<.05, 
h2=.164. However, post hoc tests did not reveal any significant differences (see Figure 
2.7). 
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      Fpz            Fz    Cz       Pz 
where Fpz refers to the prefrontal site, Fz refers to the frontal site, Cz refers to the central site, Pz 
refers to the parietal site and lat refers to latency in milliseconds 
 
N4b (late N4) amplitude (500-600ms) 
The analysis here revealed main effects of condition, F (2,42) = 4.036, p<.05, 
h2=.168, and of site, F (3,63) = 15.677, p<.001, h2=.439 and an interaction, condition X 
site, F (6,126) = 6.381, p<.001, h2=.242. At post hoc, comparison employing a one -way 
ANOVA was significant, F (2,60)= 3.812, p <.05, and supported the hypothesis that the 
N4 would show greater enhancement in the affective/living condition compared to the 
neutral/non- living conditio n, prefrontally, t (61) = -2.526, p <.05 (see Figure 2.8). It is 
apparent from this figure that the relatively enhanced negativity in the affective condition 
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C1            C2               C3 
 
where C1 refers to neutral/living pictures condition, C2 refers to affective /living pictures 
condition, C3 refers to neutral/non-living pictures condit ion and amp refers to amplitude in 
microvolts 
 
N4b ( late N4) latency (500-600ms) 
At this epoch, there was a significant main effect of site, F (3,63) = 5.870, p<.01, 
h2=.227. Post hoc tests, using a one-way ANOVA found significance, F (3,80) = 4.387, 
p<.01, such that the N4b showed an earlier latency at the prefrontal site relative to the 
central site, t (82) = -3.524, p <.01 (see Figure 2.9). 
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Negative slow wave (nSW) amplitude (600-999ms) 
The analysis here revealed a significant main effect of condition, F (2,42) = 
10.132, p<.001, h2=.336. Post hoc comparison, using a one-way ANOVA, revealed 
significance, F (3,63) = 5.870, p<.01. Thus this supported the hypothesis that the nSW’s 
amplitude would be more enhanced to the affective/living condition than to the  
neutral/non- living condition, t (61) = 3.140, p<.01 (see Figure 2.10). Another main effect 
that emerged was that of site, F (3,63) = 5.075, p <.05, h2=.202. Post hoc tests on this 
effect revealed no significance for all sites although the parietal site appeared to be more 
negative relative to the other three sites (see Figure 2.11).  
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where Fpz refers to the prefrontal site, Fz refers to the frontal site, Cz refers to the central site, Pz 




After looking at the data in terms of absolute values, it was thought interesting to 
look at the data in terms of ERP activity in the affective (affective/living) and semantic 
(neutral/non- living) condition relative to the neutral condition (neutral/living). Any ERP 
activity in the condition 1 (neutral/living) that was common to both conditions 2 and 3 
(affective/living and neutral/non- living respectively) was cancelled out through 
subtraction. Thus, this left activity behind that was unique to affective processing 
(condition 2) or to cognitive processing (condition 3).  
The grand average difference waveforms were then constructed by subtracting the 
neutral/living condition from the each of the other two conditions (affective/living and 
neutral/non- living). These are given in Figures 2.2a-2.2d where the y-axis is the amplitude 
measured in microvolts and the x-axis is the time measured in milliseconds. Mean values 
for each epoch at each site were compared using paired t-tests and are shown in Table 2.4. 
The time epochs to be examined were determined through visual inspection of the grand 
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average difference waveforms (Figures 2.2a-2.2d). The time windows that were 
considered for further analysis were; N2 (199-275ms), P3 (300-400ms), N4a (400-
500ms), N4b (500-600ms) and nSW (600-999ms).   
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Figure2.12a: ERP Grand Averaged Difference Waveform between Affective/Living and Neutral/Non-Living 
Conditions in the Undergraduate Sample at the Prefrontal Site 
 
where c2_diff refers to the affective/living condition after subtracting out the neutral/living condition and 
c3_diff refers to the neutral/non-living condition after subtracting out the neutral/living condition 
  
Figure2.12b: ERP Grand Averaged Difference Waveform between Affective/Living and Neutral/Non-
Living Conditions in the Undergraduate Sample at the Frontal Site 
 
where c2_diff refers to the affective/living condition after subtracting out the neutral/living condition and 
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Figure2.12c: ERP Grand Averaged Difference Waveform between Affective/Living and Neutral/Non-Living 
























where c2_diff refers to the affective/living condition after subtracting out the neutral/living condition and 
c3_diff refers to the neutral/non-living condition after subtracting out the neutral/living condition 
 
Figure2.12d: ERP Grand Averaged Difference Waveform between Affective/Living and Neutral/Non-
























where c2_diff refers to the affective/living condition after subtracting out the neutral/living condition and 
c3_diff refers to the neutral/non-living condition after subtracting out the neutral/living condition 
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ERP grand average differences waveform description 
 
The grand average differences graphs are shown in Figures 2.2a-2.2d. At the 
prefrontal and frontal sites, the ERP waveform shows a large difference between the 
affective/living condition and the neutral/non- living condition. This difference starts at 
300 ms post-stimulus (P3) and continues till the end of the trial, 1000ms post-stimulus 
(nSW). It should be noted that the affective/living condition shows ERP activity at the 
negative portion of the graph while the neutral/living condition shows activity at the 
positive portion.  
Moving from the prefrontal to the central site, it can be seen that the large 
difference between the two conditions at 300ms post-stimulus (P3) diminishes while the 
affective/living condition becomes increasingly positive. At the parietal site, the difference 
at 300 ms post-stimulus (P3) is the least of the four sites although the negative portion of 
the difference between the two conditions is still very great. The ERP wave at the parietal 
site is noted to be biphasic, starting positive and becoming negative at later epochs. The 
mean differences between the two conditions at every epoch were compared by paired t-
tests. The results show significance at every time epoch at each of the four sites (see Table 
2.4). 
   
2.5 Discussion 
2.5.1 Self report and behavioural data 
  The current study investigated the ERP components that were linked to 
neuroaffective processing. Specifically, ERP components that could serve as neurological 
indices of affective processing were delineated. For the analysis of SAM scale ratings, 
there was a significant difference for the valence dimension at the affective/living 
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condition compared to the other two conditions. However, this was not the case for the 
arousal dimension. These results supported the fifth and sixth hypothesis, demonstrating 
that the experimental manipulation to vary valence while keeping arousal constant was 
successful. The accuracy rates were significantly lo wer to the neutral/non-living 
(cognitive/semantic mismatch) condition than compared to the neutral/living (neutral 
condition) and affective/living (affective mismatch) conditions. The reaction time data 
revealed no differences between the three conditions even though the mean reaction time 
was longer for the neutral/non- living condition.  
2.5.2 Negative components of the ERP waveform 
The ERP analysis showed that N4a, N4b and nSW were all more sensitive to 
affective mismatch than cognitive mismatch. However, the first hypothesis was not 
supported as the  N2 amplitude was not sensitive to experimental conditions and thus did 
not appear to index affective  or cognitive processing. The N2 elicited had the most 
negative  in amplitude at the parietal lead compared to the other scalp locations though the 
N2’s latency showed no significant differences between different sites.  
The early and late N4 components were more enhanced to affective mismatch than 
cognitive mismatch at the prefrontal site, confirming the third hypothesis. The modulation 
of the N4’s amplitude to mismatch stimuli is a robust finding that has been replicated 
several times in different paradigms (see section on N4 in Appendix A). Both the early 
and late N4 amplitude were maximal to the affective /living (affective mismatch)  condition 
at the prefrontal lead relative to the neutral/non-living (cognitive mismatch) condition.  
The results support the hypothesis that when pitted against each other, affective mismatch 
enhances the N4 component (both early and late N4) more than that of cognitive 
mismatch. The difference between affective/living and neutral/non-living condition was 
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greatest at the prefrontal region and indicates that the prefrontal sites reflect emotional 
processing (Chung et al. 1996, Carrietie et al., 1997, Dietrich, 1996, Marinkovic and 
Halgreen, 1998, Laurian et al., 1991, Naumann et al., 1992). This was supported by the 
mean difference waveforms (see Figure 2.2a-2.2d) where it can be clearly seen that the 
difference between affective and semantic conditions was greatest prefrontally and 
diminished in an anterior-posterior direction (that is prefrontal>frontal>central>parietal). 
The earliest act ivation elicited by the affective condition relative to the baseline condition 
occurs prefrontally (manifested in N4a/N4b) and this activation extends throughout the 
epoch up to 1000ms (nSW). The latencies at the early N4 time window did not differ 
significantly by site or condition though the same comparisons at the late N4 showed that 
the prefrontal site had a shorter latency than the parietal site. This lends further support 
that the prefrontal region is a critical site for neuroaffective processing.  
The nSW was more sensitive to affective/living conditions than the other two 
conditions. However, as the nSW was not significantly differentiated between sites, the 
fourth hypothesis is only partially supported. It can be observed from Figures 2.2a-2.2d 
that the mean difference between affective and semantic conditions was greatest 
prefrontally and, to a lesser extent, parietally. This implies that both the prefrontal and 
parietal sites are sensitive to affective processing and that brain regions underlying the 
prefrontal and parietal electrodes could be generators of the nSW (Intrator et al. 1997, 
Blair, et al. 1995, 1997).  
2.5.3 Positive components of the ERP waveform 
At the P3 epoch, the neutral/non- living condition generated the greatest amplitude 
at the prefrontal site, supporting the second hypothesis. On the other hand, the 
affective/living and neutral/living conditions not only showed a less positive P3 but had 
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similar amplitudes. This seemed to indicate that the P3 was enhanced maximally to 
semantic category change processing (cognitive mismatch) and was not sensitive to 
affective processing as some studies in the literature posit (Naumann et al., 1992, 1997). 
In view of the fact  that the P3 elicited was maximal frontally, sensitive to cognitive 
processing and was elicited to a novel, infrequent stimulus, it is likely that the observed P3 
was novelty P3 or P3a (Fabiani and Friedman, 1995 and Knight, 1984). At the 
neutral/non- living condition, the latency is considerably longer than for the other two 
conditions. This could be interpreted as a reflection of cognitive processing of novelty as 
there was a semantic category change in the stimulus.  
2.5.4 Basis for Prisons Study 
As the 3-stimulus paradigm has proved to be useful in eliciting ERP components 
that are indices of both affective and cognitive processing, it was thought that this 
paradigm would be able to distinguish between affective and cognitive processing in an 
incarcerated sample of psychopathic and non-psychopathic individuals. The results from 
the application of the affective/cognitive mismatch parad igm to a prison sample are  
described in the next chapter.
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3.1.1 Affective processing in psychopaths measured by event-related potentials 
In the earlier section on theories of psychopathy, it was noted that the core deficit 
in psychopathy is an affective deficit. This has been proposed to stem, in part, from 
abnormalities in the way such affective semantic information is processed. Cleckley’s 
concept of ‘semantic aphasia’, so often seen in his clinical patients, suggests that the 
cognitive components that govern the affective cues, and colour a normal person’s 
emotional processing, is poorly integrated in psychopaths (Kiehl, Hare, Mcdonald and 
Brink, 1999; Williamson, Harpur and Hare, 1991). In recent years, the affective 
processing deficit in the concept of the psychopathic personality has been investigated 
with the tools of event-related potentials (ERPs) which are indices of neural processing. 
As mentioned previously, ERPs are widely used as functional measures of a variety of 
brain processes (see Appendix A for an in-depth description of ERPs). 
Using ERPs recorded bilaterally over the tempoparietal sites and also over the 
frontal, central and parietal areas, Williamson et al. (1991) investigated affective 
processing in psychopaths and non-psychopaths during a lexical decision task that 
involved a divided visual field procedure. Their hypothesis was that as psychopaths are 
less able to extract information in the emotional words, they would show less 
differentiation in their amplitudes between emotional words and neutral words. Non-
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psychopaths, not having such impairments, would show the predicted larger amplitudes to 
emotional words than neutral words. The participants involved in this study were 16 
inmates who had been classified as psychopaths or non-psychopaths using the PCL (Hare, 
1980). They were then presented with negative, positive and neutral words and non-
words. 
  Williamson et al. (1991) found that psychopaths responded differently to the task 
compared to non-psychopaths. Psychopaths had slower reaction times and smaller ERP 
amplitudes to affective words relative to neutral words than non-psychopaths did. This 
difference in the waveforms of the two groups was especially evident in the late positive 
complex (LPC). The LPC in the psychopaths was smaller and shorter than in non-
psychopaths and was preceded by a N500 peak that was present for all word types. The 
authors then concluded that these results supported the hypothesis that psychopaths are 
unable to make use of emotional cues in language because of their inherent affective 
processing deficit.  
In a partial extension of this study, Kiehl et al.  (1999) examined the 
semantic/affective processing dysfunction in psychopaths. They presented their 
participants with three tasks. Task 1 was a lexical decision task, akin to that used in 
Williamson et. al. (1991), except that concrete (chair) or abstract (justice) words were 
used. They found that psychopaths, unlike non-psychopaths, did not show any ERP 
differentiation between concrete and abstract but had a greater frontocentral negativity 
than compared to non-psychopaths parietally at the time epoch, 400-800ms. The groups 
that were high on only one factor but not the other (high on affective deficiency, low on 
antisocial lifestyle or low on affective deficiency, high on chronic antisocial lifestyle)  
showed no differences either. 
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  The second task required participants to differentiate between concrete (e.g chair) 
and abstract words (e.g justice) that were neutral valence. Psychopaths made significantly 
more errors than non-psychopaths on judgments of abstract words. The waveforms of the 
psychopaths and non-psychopaths also differed greatly. For the psychopathic sample, this 
task elicited a large N350 and a small P600 that was frontal-centrally maximal (similar to 
Williamson et. al., 1991). However, for non-psychopaths, this task elicited a smaller N350 
and a larger P600 that was maximal centroparietally. The mixed group, as in task 1, 
showed no significant differences. In the time epoch of 300-400ms, concrete words were 
overall more negative than abstract words, parietally. In the time window of 400-800ms, 
this effect was seen to be frontal and centrally maximal. 
  In task 3, participants performed a word identification task that required 
distinguishing on the basis of negative or positive emotionality of the presented word. On 
this task, the amplitude of the N350 was larger for psychopaths than non-psychopaths, 
frontally and centrally, but not at any other site. It was also in general larger for positive 
than negative words over the left hemisphere. The non-psychopaths’ results were different 
as they had a greater P600 to negative than to positive. As this result shows, the 
waveforms of the psychopaths were again distinguished from the non-psychopaths. The 
researchers take these findings to indicate that the syndrome of psychopathy is associated 
with processing differences in the semantic aspects of language, not just the emotional 
aspects, an issue which has been the main focus in past research. The results, especially 
from task 1 and 2 in which the stimuli used had no emotional connotation, showed that the 
semantic processing differences in the ERP waveforms between psychopaths and non-
psychopaths, suggesting that psychopaths do indeed use information differently and this is 
not just confined to the processing of emotional information.  
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3.2.1 Affective deficits in psychopaths 
As reviewed in chapter one, a consistent theme in the various theories of 
psychopathy has been that of an affective dsyfunction. The current study attempts to use 
the paradigm employed in the undergraduate sample to elicit ERP markers of emotional 
processing in psychopaths and compare these, and hence any processing differences, 
between psychopaths and non-psychopaths. This current study employs the same 3-
stimulus paradigm in used chapter two that found certain ERP markers to be reflective of 
affective processing or cognitive processing.  
3.2.2 Hypotheses 
Earlier research proposed  that psychopaths have an affective deficit (Blair et al., 1995, 
Cleckley, 1976, Hare et al., 1990, Patrick et al. , 1993) and thus would differ in their 
processing of affective stimuli compared to non-psychopaths. The nature of this affective 
deficit in psychopaths was proposed to be either a global deficit (Damasio, 1994; Herpetz,  
et al. 1999) or a specific one (Blair et al., 1995, 1997, Fowles, 1980, Gray, 1982, 1987, 
Lykken, 1995; Newman, Patterson and Kosson, 1997). The affective deficits seen in 
psychopaths should then be reflected in a lack of enhancement in ERPs that are indices of 
affective processing. These ERP components are those that were investigated in the 
undergraduate sample. These ERP components are specifically the N2, N4a, N4b and 
nSW. (It should be noted that although the N2 reached significance for site but not for 
condition in the undergraduate study, it was included as it came very close to doing so, p 
=.06. It was included also for the sake of completeness). Earlier research further  
demonstrated that psychopaths might either have an anterior dysfunction,  particularly at 
the prefrontal site (Laakso et al., 2001, Intrator et al.1997, Raine et al., 1998) or an 
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amygdala dysfunction (Blair, 1995; Whalen, 1999). On the basis of the earlier literature 
review and the undergraduate study, the following hypotheses have been formulated: 
1. Based on past research findings that psychopaths can accurately recognize and report 
emotional picture stimuli (Patrick et al., 1993, 1994), it is hypothesized that there would 
be no differences between psychopaths and non-psychopaths in the SAM ratings for 
valence. Similarly, it is hypothesized that there would be no differences in the SAM 
arousal ratings between psychopaths and non-psychopaths. 
2. It is hypothesized that psychopaths’ N2 amplitude would show less enhancement (show 
less negativity) to the affective/living condition (affective mismatch condition) than non-
psychopaths. 
3. It is further hypothesized that psychopaths’ N2 amplitude would show less 
enhancement (show less negativity) prefrontally than non-psychopaths. 
4. As psychopaths were previously found to have an enhanced P3 (Raine, 1988) compared 
to non-psychopaths due to a narrowing of attention (Newman, Patterson and Kosson, 
1987), an oversensitivity to novelty (Raine, 1988; Raine and Venables, 1988) or due to 
high sensation seeking (Raine, 1988), psychopaths’ P3’s amplitude would be more 
enhanced (show greater positivity) to the neutral/non- living condition (cognitive 
mismatch) compared to non-psychopaths. 
5. Psychopaths would show an enhanced P3 amplitude (greater positivity) prefrontally 
compared to non-psychopaths.   
6. At the N4 epoch (both early N4, termed N4a and late N4, termed N4b), it is 
hypothesized that psychopaths  would show less enhanced N4s (show less negativity) to 
the affective/living condition (affective mismatch) compared to non-psychopaths.  
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7. At the N4 epoch (both N4a and N4b), psychopaths would be less enhanced (show less 
negativity) at the prefrontal site for psychopaths compared to non-psychopaths.  
8. It is further hypothesized that psychopaths ’ negative slow wave’s (nSW) amplitude 
would be less enhanced (show greater negativity) to the affective/living condition 
(affective mismatch condition) compared to non-psychopaths. 
9. Lastly, it is hypothesized that the psychopaths’ negative slow wave (nSW) amplitude 





Participants for this study were recruited through the Singapore Prisons Service. 
This sample consisted of males incarcerated in a local medium security prison, which was 
formerly a drug rehabilitation centre. These inmates had been incarcerated for a variety of 
assault related charges, drug related crimes or petty crimes. Two hundred inmates were 
selected and informed of the nature of the experiment but were blind to its actual purpose. 
Informed consent was sought by briefing the inmates. After this briefing, the inmates were 
told that they were given the choice of participating or opting out of the experiment. For 
those inmates who were willing to participate, several criteria were employed to exclude 
those who had predisposing psychological symptoms or inherent characteristics that might 
be confounding factors in the study. The list of criteria for exclusion from the included the 
following: 
History of treatment of psychological impairments for example schizophrenia 
History of mental disorder    
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History of neurological ailments for example head injuries or epilepsy and 
Colour Blindness as assessed using Ishihara (1954) 
Following this initial screening, one hundred and sixty- four inmates were left. 
These participants were then put through a battery of psychometric tests to assess several 
psychological variables. The Psychopathy Checklist-Screening Version (PCL-SV) was 
used to screen out those individuals with psychopathic tendencies from those without 
these traits, using the recommended cut-off criteria of = 12 for non-psychopaths and = 18 
for psychopaths  (Hart, Cox & Hare,  1995). The PCL-SV classified  22 psychopaths and 44 
non-psychopaths. The non-psychopaths were then matched with the psychopaths on the 
basis of their results on the other psychomet ric tests. This in turn produced 22 matched 
non-psychopaths. However, attrition due to prison transfers or releases changed the final 
number in both psychopathic and non-psychopathic groups to 17 each, making the final 
sample 34. 
3.3.2 Participants 
  The participants in this study were male adults whose ages ranged from 25 to 41 
(mean= 33.26, SD= 4.58). This sample had a good mixture of ethnic groups that 
comprised of 53% Malays, 23.5% Chinese and 23.5% Indians. Their educational status 
ranged from primary education to post secondary certification, specifically 53% of the 
sample had at least primary education, 41 % had secondary education and 6% had attained 
some form of post secondary education. Most of the inmates were serving sentences 
ranging from 3 to 7 years. 
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(1) Psychopathy Checklist-Screening Version (PCL-SV)  
Five psychometric tests were utilized in the assessment of each inmate.3The first of 
these was the Psychopathy Checklist-Screening Version (PCL-SV) which was 
employed to assess psychopathy among the inmates. The inmates were interviewed by 
two independent interviewers in a language in which they were comfortable with, 
mostly in either English or Mandarin. The two independent interviewers were blind to 
each other’s ratings. Inter-rater reliability coefficient for total PCL-SV was calculated 
using a Pearson’s correlation and was found to be r = .78. For the affective or 
interpersonal dimension, it was r = .74 and for social deviance, it was r = .76. In 
addition, psychopathy scores according Cooke and Michie’s recently proposed 3-factor 
solution (2000) were derived.   
(2) Handedness Inventory (Annett, 1967) 
Subsequently, the Handedness Inventory (Annett, 1967) was utilized to indicate if 
the participants were ambidextrous, right or left handed. In this case, the sample’s 
composition of handedness was 28 right-handed, 5 left-handed and 1 ambidextrous.  
(3) Quick Diagnostic Interview Schedule (QDIS) 
Next, concurrent psychological symptoms were assessed with the computerized 
version of the Quick Diagnostic Interview Schedule, created by the National Institute of 
Mental Health (NIMH-QDIS). In particular, the NIMH-QDIS gauged the presence or 
absence of Antisocial Personality Disorder (APSD), the incidence and extent of alcohol 
abuse and other types of substance abuse.  Three different criteria, namely DSM-IIIR, 
Feighner criteria and the Research Diagnostic criteria, were employed in each diagnostic 
evaluation. The list of the QDIS criteria were: 
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1. Antisocial Personality Disorder  
The individual in question must be at least 18 years of age currently. Conduct 
disorder must have been apparent before the age of 15 and at least three of the 
following criteria must be satisfied; running away from home, using weapons, 
fighting, forcing sex on others, lying, stealing, arson, truancy, robbery, destruction of 
property, cruelty to animals or cruelty to people. Furthermore, antisocial behaviour 
must be apparent by the age of 15 and fulfill, at a minimum, 4 of the following 
criteria; aggression, impulsiveness, lying, recklessness, lacking remorse, polygamous 
relationships, irresponsible parenting, repeated criminal offences, poor employment 
record and poor financial record.    
2. Alcohol Dependence or Alcohol Abuse  
To receive this diagnosis, an individual has to display three or more of the 
following criteria; binge drinking, getting arrested while under the influence of 
alcohol, neglecting social or working obligations due to alcohol, fights, accidents, 
alcohol related health problems, alcohol tolerance or dependence. The duration of 
these symptoms must have been observed for a month or more or have been recurrent 
over a longer period of time. The individual in question must be cognizant of the harm 
caused but yet still abused alcohol despite this. 
3. Sedatives, stimulants, inhalants or/and heroin abuse or dependence  
The individual must satisfy three or more of the following; legal problems linked 
to substance abuse, social problems related to substance abuse, did not fulfill 
responsibilities at work or at school or at home because of substance use. These 
symptoms must be displayed for a month or more or recurring over a longer period of 
                                                                                                                                                                                            
3 Many thanks to Caroline Lim and Dr. Richard Howard who collected the initial psychometric data 
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time. The individual in question must be aware of their harm but yet continue abusing 
these substances. 
The inmates were then assessed for familial history of alcoholism using the Family 
History Research Diagnostic Criteria developed by Endicott, Andreasen and Spitzer 
(1978). A person was classified as positive for familial history of alcoholism only if 
the said person had a first degree male relative as well as a second degree biological 
relative who were alcoholic. The criteria for alcoholism required that the said relative 
had or has at least one alcohol linked problem in any of the following areas; legal, 
health, marital, family, work, social or treatment for alcoholism. The relative’s 
problem with alcohol must not have been an isolated incident.  
(4) Spielberger State Anxiety Inventory (STAI-Form X: Spielberger 1970)  
The STAI is a 20 item self-report questionnaire to evaluate how participants feel in 
general. The maximum score is 80, with scores below 40 being classified as non-
anxious and those scores above 40 being classified as anxious. In this study, the STAI 
was used to assess trait anxiety.  
(5) Performance IQ (PIQ) 
Next, the level of intelligence of the participants was measured using four of the 
WAIS-R Performance subtests (Weschler, 1981). These four tests were compiled into 
a Performance Intelligence Quotient (PIQ) component, which was a non-verbal 
indicator of intelligence. For this sample, the PIQ was a more accurate measure of 
intelligence than traditional verbal tests as most of the participants did not have a good 
command of the English language. These performance tests were conducted in the 
language that the inmates felt most comfortable with, mainly in English or Mandarin. 
The four tests that were employed included: 
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1. Picture Completion Test 
Participants were shown twenty pictures that each had a crucial portion missing. 
These pictures were of human features, familiar objects or of scenes arranged in order 
of increasing difficulty. Participants were required to identify and name that 
component within a specified time limit. 
2. Block Design Test  
In this test, participants were given four or nine coloured blocks (red, while and 
half red half white). They then had to replicate nine block designs within a specified 
amount of time in which bonus points were given for fast and successful completion of 
the task. 
3. Object Assembly Test 
Here participants were asked to create meaningful objects using cardboard 
components provided within a certain time frame. Bonus points were also given for 
speedy and successful completion of the task. 
4. Digit Symbol Test 
Nine symbols, each representing a certain number, were shown to the participants. 
They were then asked to replace as many of the numbers as they could with the 
symbols within ninety seconds. 
3.3.3 Stimulus  
69 IAPS colour slides (Lang, Bradley and Cuthbert, 1997) were selected based on 
different permutations of two categories; semantic (living or non-living) and affective 
valence (positive or neutral) for the three experimental conditions of neutral/living things, 
positive affective/living things and neutral/non- living things (see Appendix D- F for IAPS 
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ratings of these slides). These were the same stimuli that were used in the previous study 
(undergraduate sample).  
3.3.4 Design 
The experiment comprised three conditions ; neutral/living (neutral) condition (30 
neutral pictures of living things), affective/living (affective mismatch) condition (23 
positive affective pictures of living things) and neutral/non- living (cognitive mismatch) 
condition (16 neutral pictures of non- living things). The paradigm was a variant of a 3-
stimulus oddball task. The pictures in the 3 conditions were presented in different 
proportions ; 80% neutral/living, 10% affective/living (affective category) and 10% 
neutral/non- living (semantic category) such that there were 128 neutral/living non 
mismatch trials while there were 32 mismatch trials. There were two types of mismatch 
trials, 16 affective/living trials and 16 non-neutral/living trials (a detailed description of 
the stimuli used, see the stimulus section in study 1).  
3.3.5 Task 
As in study 1, the overt task was to discriminate between the living and non-living 
pictures. When presented with a non- living picture slide (target), the required response 
was a right button press. When living picture slides (non-target), the required response 
was a left button press. Participants responded with their preferred hand. As before, they 
were not made explicitly aware of the emotional content of the pictures. The paradigm 
was thus an overt task of discriminating between living and non- living (semantic) 
categories with a covert affective discrimination task.  
3.3.6 Procedure 
Participants were administered the Fear Survey Schedule (Wolpe and Lang, 1964) 
to check that they had no specific phobias that could be triggered by the stimuli used in 
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this study. They then sat in a softly lit room in a comfortable recliner. The computer 
monitor was 0.75m away from them. A cursor positioned in the middle of the computer 
screen served as a fixation point while a keyboard for responses was placed on their lap. 
Participants were told to use only the index and middle fingers of their preferred hand to 
respond.  
The participants were then instructed in English or Mandarin as follows: “You will 
see pictures of living things on the screen. When you see these pictures, press the ‘,’ with 
your index finger. When you see a picture of a non-living thing, press the ‘/’ key. This 
means that every time a picture is flashed on the screen, you MUST respond to it.” 
Participants were told to inhibit  blinking during stimulus presentation. They were also told 
to try and blink quickly after the presentation of the stimulus when the screen turned 
blank. 10 practice trials were given to make sure that the participants understood the 
instructions and the difference between living and non-living things. When the experiment 
was completed, participants were shown each slide individually and asked to rate them on 
dimensions of valence and arousal using the Self Assessment Manikin (see SAM in 
Appendix I). 
3.3.7 Electroencephalographic Recording (EEG)        
The electroencephalography (EEG) was recorded using Ag/AgCl electrodes 
applied to the prefrontal (Fpz), frontal (Fz), central (Cz) and parietal (Pz) locations, left 
and right mastoids (linked mastoids as reference) and a forehead ground using a 4-channel 
Grass Neurodata machine. Signals were amplified at x 50000 for all the scalp locations 
with filter bandpass at 0.01 to 30 Hz. Eye movements were monitored using the Fpz 
channel, allowing for immediate rejection of trials that contained excessive eyeblink 
artifacts (deviations of more than 50 mV on the oscilloscope) thus excluding them from the 
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average. Signal acquisition was controlled by a laptop utilizing the VISTIM and 3-STIM 
software package (McCullagh, McAllister, Howard and Neo, 2001 and McCullagh and 
Howard, 2001) which sampled each trial for a time of 1500ms with a 500ms prestimulus 
baseline. All artifact- free trials for each of the three conditions were averaged and 
displayed separately in each channel; prefrontal (Fpz), frontal (Fz), central (Cz) and 
parietal (Pz). The neutral/living condition average (Condition 1) had 128 trials while the 
affective/living and neutral/non- living conditions had 16 trials each.  
3.3.8 Data Reduction and Analyses 
The time epochs analyzed were chosen through visual inspection of the grand 
averages and include ; N2 (199-275ms), P3 (275-400ms), N4a (400-500ms), N4b (500-
600ms) and negative slow wave (600-999ms). With the exception of negative slow wave 
(nSW), maximum peak amplitudes and latencies were analyzed in all the predetermined 
epochs. At the nSW amplitude, all the time points sampled between 600-999ms were 
averaged hence leaving no peak nSW latency available for analysis. A 3-way repeated 
measures analysis of variance (3 conditions X 4 sites X 2 groups) was run on the peak 
amplitudes and latencies in each identified time windows. Post hoc tests utilizing one-way 
ANOVA, independent t-tests and Bonferoni t corrections were performed where 
appropriate. 
 
3.4 Results  
 
3.4 Demographic and Psychometric Data 
 
Equality of the psychometric characteristics of the two groups, 17 psychopaths and 17 
non-psychopaths , was investigated through independent t tests or Mann Whitney U. These 
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analyses were conducted on Performance IQ, Anxiety, Alcoholism, Drug, and Family 
History of Alcoholism and classification of Antisocial Personality Disorder (ASPD). The 
results indicated that only ASPD was significantly different between the two groups, 
Mann-Whitney U= 76.5, p <. 01. The other characteristics were not significantly different 
between the two groups, p > .05. Table 3.1 below demonstrates that participants from both 
groups were well matched in terms of their psychometric characteristics. 
  
Table 3.1 Psychometric Characteristic s of Psychopaths and Non-Psychopaths 
Characteristics 
assessed by QDIS  






Alcoholism 76.47 % 
 
52.94 % 





Drug Index Offence/or 
Drug History 
88.24 % 76.47% 



















* Non-psychopaths were selected as those individuals who scored low on both factor 1 and 2 of the PCL-
SV. Since ASPD is related to factor 2, it is reasonable that their score is lower compared to psychopaths.  
 
 
3.4.1 SAM ratings 
 
An independent sample t-test was conducted on the Self Assessment Manikin 
(SAM) ratings along two dimensions of valence and arousal for the two groups 
(psychopaths and non-psychopaths ). Two participants, one psychopath and one non-
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psychopath, had to be dropped from this part of the analysis as they did not complete 
rating the scale. This then left a total of 32 participants, 16 psychopaths and 16 non-
psychopaths. The ratings of this self report scale were found to be non-significant across 
all three conditions (neutral, affective and semantic) and between groups (psychopaths and 
non-psychopaths), supporting the first and second hypotheses. The means and standard 
deviations are given in Table 3.2. 
 
Table 3.2 Mean and Standard Deviations of SAM Ratings for Psychopaths and Non-
Psychopaths in the Prisons Study 
_____________________________________________________________________ 
  Psychopaths                                           Non-Psychopaths 
_____________________________________________________________________________________ 




Living   5.13 (0.69)  5.15 (0.79)   5.28 (1.41)  4.56 (1.39)  
   
Affective/ 
Living  6.43 (0.98)  4.55 (1.25)   6.82 (1.36)  4.45 (1.74)  
      
Neutral/ 
Non-Living  4.55 (1.20)  4.95 (1.32)   4.19 (1.03)  5.47 (1.54)   
________________________________________________________________________ 
 
3.4.2 Behavioural data 
The percentage accuracy and reaction times of the behavioural responses were 
examined for psychopaths and non-psychopaths for all three conditions. Six participants, 3 
psychopaths and 3 non-psychopaths, were dropped from the analysis as their accuracy 
rates were below 75%. Data analysis here was conducted on 28 participants and is shown 
in Table  3.3. Group differences were compared using independent t-tests and were not 
significant in all three conditions (neutral/living, affective/living and neutral/non- living). 
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This lack of significance could be due to a power problem as the sample size is quite 
small.  
Table 3.3 Behavioural Data for Psychopaths (N = 14) and Non-Psychopaths (N = 14) in 
the Prison Study 
________________________________________________________________________ 
Psychopaths    Non-Psychopaths 
______________________________________________________________________________________ 
 
                Accuracy (%) Reaction Times (ms )              Accuracy (%)   Reaction Times (ms) 
________________________________________________________________________ 
 
    
Neutral/Living  91.70% (0.09) 755.93 (97.86)  95.17% (0.05) 744.79 (103.21) 
   
Affective/Living  93.75% (0.15) 779.29 (91.75)  93.29% (0.09) 781.64 (85.22) 
  




3.4.3 ERP data at different epochs 
The ANOVA Tables for amplitudes and latencies at each of the different ERP 
epochs are shown in Table 3.4 for psychopaths and non-psychopaths. Next, the grand 
averages for each condition at each site for the two experimental group s, psychopaths and 
non-psytchopaths, were computed. These are shown in Figures 3.1a-3.1d for psychopaths 
and Figures 3.2a-3.2d for non-psychopaths. In these figures, the y-axis is the amplitude 
measured in microvolts and the x-axis is time measured in milliseconds. The time epochs 
to be examined were determined through visual inspection of the grand average 
waveforms (Figures 3.1a-3.2d). The time windows that were considered for further 
analysis were N2 (199-275ms), P3 (300-400ms), N4a (400-500ms), N4b (500-600ms) and 
nSW (600-999ms). Following this, 3-way repeated measures ANOVAs were conducted 
on the peak amplitudes and latency for each of the identified time epochs.  
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where c1 refers to the neutral/living condition, c2 refers to the affective/living condition and c3 refers to the 
neutral/non-living condition  
 
























where c1 refers to the neutral/living condition, c2 refers to the affective/living condition and c3 refers to the 
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where c1 refers to the neutral/living condition, c2 refers to the affective/living condition and c3 refers to the 
neutral/non-living condition  
 























where c1 refers to the neutral/living condition, c2 refers to the affective/living condition and c3 refers to the 
neutral/non-living condition  
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where c1 refers to the neutral/living condition, c2 refers to the affective/living condition and c3 refers to the 
neutral/non-living condition  
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where c1 refers to the neutral/living condition, c2 refers to the affective/living condition and c3 refers to the 
neutral/non-living condition  
 























where c1 refers to the neutral/living condition, c2 refers to the affective/living condition and c3 refers to the 
neutral/non-living condition  
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ERP grand average waveform description 
For the psychopathic sample, the ERP wave was rather flat and undifferentiated in 
terms of peak or troughs throughout the trial. This was especially salient prefrontally 
where all the three conditions have ERP waves that were mostly positive. The ERP 
waveform gradually became more negative in an anterior-posterior direction and produces 
a slow, sustained negative shift  until the end of the trial (at 1000ms posrt-stimulus).  
The non-psychopaths’ ERP waveforms differed vividly from the psychopaths’ 
waveforms anteriorly though it did not differ posteriorly. Prefrontally, it was apparent that 
non-psychopaths had ERP waves that started out positive 100ms post-stimulus and 
became increasing negative after 400ms post-stimulus. From the frontal to the central site, 
the non-psychopaths’ ERP began to be biphasic with the positive portion of the ERP 
waveform gradually becoming more negative at the central site. Parietally, the ERP for 
psychopaths and non-psychopaths were similarly negative and showed an inverted U-
shaped curve. 
Effects involving Psychopathy 
N2 amplitude (199-275ms) 
There was a main effect of condition, F(2, 68) = 12.071, p<.001, h2 =.274, 
replicating the earlier undergraduate study as may be seen from an inspection of Table 3.4 
in comparison to Table 2.3 . Furthermore, there was a significant interaction between 
condition and psychopathy, F(2,68) = 6.831, p<.01, h2 =.176.  For this interaction, the post 
hoc independent t-test was significant at the affective/living condition (C2), t (32) = 2.244, 
p<.05, thus providing support for the hypothesis that psychopaths exhibit less N2 
enhancement at the affective condition than non-psychopaths (see Figure 3.3). There was 
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a significant site X psychopathy interaction, F (3,102) = 3.911, p<.05, h2 =.109. For this 
site and psychopathy interaction, the post hoc independent tests reached significance at the 
prefrontal site, t (26.79) = 2.078, p < .05, providing support for the hypothesis that 
psychopaths’ N2 amplitude were less enhanced prefrontally than non-psychopaths  (see 
Figure 3.4). 












                                    C1            C2          C3 
                                   
where C1 refers to neutral/living pictures condition, C2 refers to affective/living pictures 
condition, C3 refers to neutral/non-living pictures condition, Ps refers to psychopaths, NPs refers 
to non-psychopaths and amp refers to amplitude measured in microvolts 
 











                                    Fpz          Fz           Cz           Pz 
                                                       
where Fpz refers to the prefrontal site, Fz refers to the frontal site, Cz refers to the central site, Pz 
refers to the parietal site, Ps refers to psychopaths , NPs refers to non-psychopaths  and amp refers 
to amplitude measured in mic rovolts 
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P3 amplitude (275-400ms) 
At this epoch, the hypothesis that psychopaths’ P3 amplitude would show greater 
positivity to the neutral/non-living condition (cognitive mismatch) compared to non-
psychopaths was not supported as there was only a main effect of condition, F (2,68) = 
24.068, p<.001, h2 =.429. A one-way ANOVA revealed significance, F (2,99) = 7.280,  
p<.001, such that the neutral/non- living (cognitive mismatch) condition yielded 
significantly greater positivity than the neutral/living, t (100) = - 3.271, p<.01 or the 
affective/living condition, t (100) = - 3.337, p<.01.  
There was a significant main effect of site, F (3,102) = 21.487, p<.001, h2 =.402, 
and a site X psychopathy interaction, F (3,102) = 4.016, p<.05, h2 =.112. This site by 
psychopathy interaction supported the hypothesis  that psychopaths would show greater 
prefrontal P3 amplitude. Post hoc comparisons using an independent t-test revealed that 
psychopaths showed a significantly greater P3 amplitude prefrontally than did non-
psychopaths, t (32) = 2.216, p<.05 (see Figure 3.5). From the Figure 3.5, it may be seen 
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                              Fpz                Fz               Cz                Pz 
                                                       
where Fpz refers to the prefrontal site, Fz refers to the frontal site, Cz refers to the central site, Pz 
refers to the parietal site, Ps refers to psychopaths , NPs refers to non-psychopaths  and amp refers 
to amplitude measured in microvolts 
 
Negative Slow wave (nSW) amplitude (600-999ms) 
The analysis at this time window found two main effects. The first was for 
condition, F (2,68) = 27.156, p<.001, h2 =.459 and a condition X group interaction, F 
(2,68) = 7.063, p<.01, supporting the hypothesis that psychopaths’ negative nSW 
amplitude would be less enhanced to the affective/living condition compared to non-
psychopaths. Post hoc independent t-tests revealed significant differences such that 
psychopaths showed a less negative slow wave amplitude than non-psychopaths in the 
affective condition, t (32) = 2.355, p<.05 (see Figure 3.6). 
The second significant main effect was that of site, F (3,102) = 9.073, p<.005. a 
one-way ANOVA at post hoc was significant, F (3,132) = 4.880, p<.01, and revealed that 
the parietal site was significantly more negative than the prefrontal, t (134) = 3.553,  p 
<.01 and frontal sites regardless of valence, t (134) = 2.845, p<.05. Consequently, this 
result did not support the hypothesis that psychopaths’ nSW amplitude would show lesser 
negativity at the prefrontal site compared to non-psychopaths. 
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C1           C2          C3                                      
 
where C1 refers to neutral/living pictures condition, C2 refers to affective/living pictures 
condition, C3 refers to neutral/non-living pictures condition, Ps refers to psychopaths, NPs refers 
to non-psychopaths and amp refers to amplitude measured in microvolts 
 
Effects not involving Psychopathy 
N2 latency (199-275ms) 
Analysis conducted at this epoch found a significant main effect of condition, F 
(2,68) = 9.916, p<.01, h2 =.237. A one-way ANOVA at post hoc revealed significance, F 
(2,99) = 5.607, p<.01, such that the N2 latency for the neutral/non- living (cognitive 
mismatch) condition was earlier compared to the neutral/living, t (100) = - 3.183, p<.01, 
or the affective/living condition, t (100) = - 2.491, p <.05.  
P3 latency (275-400ms) 
A significant main effect of site emerged, F (3,102) =  32.911, p<.001, h2 =.507. A 
significant interaction, condition X site, F (6,204) = 2.674, p<.05, h2 =.077, was also 
found. Comparing these effects at post hoc revealed no significance across all sites and 
conditions although the parietal site seemed to have the shortest latency regardless of 
condition (see Figure 3.7). This condition by site interaction parallel the results found for 
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the earlier undergraduate study at the same epoch (see Table 3.4 and Table 2.3 for a 
comparison).  
Figure 3.7 Condition X Site Interaction for P3 Latency  








prefrontal frontal central parietal
 
                                       C1            C2          C3 
 
where C1 refers to neutral/living pictures condition, C2 refers to affective/living pictures 
condition, C3 refers to neutral/non-living pictures condition and lat refers to latency measured in 
milliseconds  
 
N4a (early N4) amplitude (400-500ms) 
The data analysis here disclosed main effects for condition, F (2,68) = 22.746, 
p<.001, h2 =.415 and for site, F (3,102) = 12.391, p<.001, h2 =.279. There was also a 
significant interaction, condition X site, F (6,204) = 7.338, p<.001, h2 =.187. A one-way 
ANOVA was significant at the central site, F (2,99) =4.567, p <.05, t (100) = - 2.967, 
p<.05, and the parietal site, F (2,99) = 4.579, p<.05, t (100) = - 2.905, p<.05, where the 
affective/living condition was more negative than compared to the neutral/non-living 
(semantic mismatch) condition (see Figure 3.8). The results here replicate the results in the 
undergraduate study at the N4a epoch where there was a significant condition by site 
interaction. The results here did not support the hypothesis that psychopaths would show a 
less enhanced N4 at the affective/living condition compared to non-psychopaths or the 
hypothesis that psychopaths have a less enhanced N4 at the prefrontal site compared to 
non-psychopaths  as there were no psychopathy interactions with condition or with site. 
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                                 C1                C2              C3 
                                   
where C1 refers to neutral/living pictures condition, C2 refers to affective /living pictures 
condition, C3 refers to neutral/non-living pictures condition and amp refers to amplitude measured 
in microvolts 
 
N4a (early N4) latency (400-500ms) 
The analysis showed a main effect of condition, F (2,68) = 7.327, p<.01, h2 =.186. 
Post hoc comparisons using a one-way ANOVA was found to be significant, F (2,99) = 
5.119, p<.01, such that the neutral/living condition’s N4 latency occurred later than the  
affective/living, t (100) = 2.746, p<.05, and neutral/non- living, t (100) = 2.796, p<.05  
conditions. In addition to the above, a main effect of site was found, F (3,102) = 9.918, 
p<.001. The one-way ANOVA conducted was significant, F (3,132) = 7.141, p<.001, and 
revealed that the prefrontal site had a significantly shorter latency than compared to the 
frontal, t (134) = - 3.747, p<.01, or central sites, t (134) = - 4.101, p<.01.  
N4b (late N4) amplitude (500-600ms) 
The results from this time window revealed main effects of condition, F (2,68) = 
12.163, p<.001, h2 =.275 and of site, F (3,102) = 13.622, p<.001, h2 =.299. Further 
exploration of the data found a condition X site interaction, F (6,204) = 5.242, p<.005, h2 
=.141 (see Figure 3.8). These results replicate that of the undergraduate sample (for a 
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comparison between the undergraduate study and the prisons study, see Table 2.3 and 
Table 3.4).  From Figure 3.9, it may be seen that the effect of condition is more marked 
anteriorly (especially at the prefrontal site) and diminishes posteriorly. However, post hoc 
comparisons were not significant across all conditions and sites. Again, as there were no 
psychopathy interactions with condition or with site, the results at the N4b epoch did not 
support the hypothesis that psychopaths would have a lesser N4 amplitude at the 
affective/living condition compared to non-psychopaths. Moreover, it did not support the 
hypothesis that psychopaths exhibit less enhancement of the N4 at the prefrontal site 
compared to non-psychopaths.  










prefrontal frontal central parietal
 
C1               C2             C3 
                                   
where C1 refers to neutral/living pictures condition, C2 refers to affective/living pictures 
condition, C3 refers to neutral/non-living pictures condition and amp refers to amplitude measured 
in microvolts 
 
N4b (late N4) latency (500-600ms) 
There was a main effect for site, F (3,102) = 10.429, p<.001, h2  =.427, replicating 
the results found for the undergraduate study at this epoch (see Table 2.3 for a 
comparison). Post hoc comparisons conducted through a one-way ANOVA was 
significant, F (3,132) = 6.242, p<.001, and revealed that at the prefrontal, t (134) = - 
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3.992, p<.001, and frontal sites  N4b latencies occurred later than the central and parietal 
electrodes, t (134) = - 2.849, p<.05. 
 
Derivation of ERP difference wavefrorms and analysis of ERP data at different epochs 
After looking at the data in terms of absolute values, exploration of the data in terms of ERP 
activity in the affective (affective/living) and semantic (neutral/non-living) condition relative to the neutral 
condition (neutral/living) was done following the procedure as in the undergraduate study. As in study 1, the 
rationale for this procedure was to extract any ERP activity in the condition 1(neutral/living) common to 
both conditions 2 and 3 (affective/living and neutral/non-living respectively). By canceling this activity out 
through subtraction, it would leave behind ERP activity that was unique to affective processing (condition 2) 
or to cognitive processing (condition 3).  
The grand average difference graphs comparing psychopaths and non-
psychopaths in the affective/living condition (after subtraction from the neutral/living 
condition) are shown in Figures 3.10a-3.10d. The grand average differences graphs 
comparing the two groups in the neutral/non- living condition only (following subtraction 
from the neutral/living condition) are shown in Figures 3.11-3.11d. The grand average 
differences graphs comparing between the affective/living condition and neutral/non-
living condition (again after subtraction from the neutral/living condition) are shown in 
Figures 3.12a-3.12d for psychopaths and in Figures 3.13a-3.13d for non-psychopaths. For 
all the figures stated, the y-axis is the ERP’s amplitude measured in microvolts and the x-
axis is time measured in milliseconds.  
The time epochs to be examined were determined through visual inspection of the 
grand average waveforms and were N2 (199-275ms), P3 (300-400ms), N4a (400-500ms), 
N4b (500-600ms) and nSW (600-999ms). The mean differences between the two 
experimental groups at every epoch (N2, P3, N4a, N4b and nSW) were compared by 
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independent t-tests while the mean differences between the affective and semantic 
conditions at the same epochs were compared through paired t-tests. The results for the 
both the independent t-tests and paired t-tests are described below while the results for the 
paired t-tests are shown in Table 3.5.   
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Figure 3.10a: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 
the Affective/Living Condition at the Prefrontal Site 
 
where ps_c2diff refers to psychopaths waveforms and nps_c2diff refers to non-psychopaths waveforms. 
Both ps_c2diff and nps_c2diff are at the affective/living condition after subtracting the neutral/living 
condition  
 
Figure 3.10b: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 
the Affective/Living Condition at the Frontal Site 
 
where ps_c2diff refers to psychopaths waveforms and nps_c2diff refers to non-psychopaths waveforms. 
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Figure 3.10c: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 
the Affective/Living Condition at the Central Site 
 
where ps_c2diff refers to psychopaths waveforms and nps_c2diff refers to non-psychopaths waveforms. 
Both ps_c2diff and nps_c2diff are at the affective/living condition after subtracting the neutral/living 
condition  
 
Figure 3.10d: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 




















where ps_c2diff refe rs to psychopaths waveforms and nps_c2diff refers to non-psychopaths waveforms. 
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Figure 3.11a: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 
the Neutral/Non-Living Condition at the Prefrontal Site 
 
where ps_c3diff refers to psychopaths waveforms and nps_c3diff refers to non-psychopaths waveforms. 
Both ps_c2diff and nps_c2diff are at the neutral/non-living condition after subtracting the neutral/living 
condition  
 
Figure 3.11b: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 
the Neutral/Non-Living Condition at the Frontal Site 
 
where ps_c3diff refers to psychopaths waveforms and nps_c3diff refers to non-psychopaths waveforms. 
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Figure 3.11c: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 
the Neutral/Non-Living Condition at the Central Site 
 
where ps_c3diff refers to psychopaths waveforms and nps_c3diff refers to non-psychopaths waveforms. 
Both ps_c2diff and nps_c2diff are at the neutral/non-living condition after subtracting the neutral/living 
condition  
 
Figure 3.11d: ERP Grand Averaged Difference Waveform between Psychopaths and Non-Psychopaths in 
the Neutral/Non-Living Condition at the Parietal Site 
 
where ps_c3diff refers to psychopaths waveforms and nps_c3diff refers to non-psychopaths waveforms. 
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ERP grand average differences waveform description:  
(1) Psychopaths vs no n-psychopaths at the affective/living (affective mismatch) condition 
At the prefrontal site (Figure 3.10a), it was apparent that the ERP waveform 
exhibited a sustained negativity for both psychopaths and non-psychopaths, showing a 
large difference 200ms post-stimulus between the two groups. This difference between 
groups in the affective/living condition diminished moving towards the back of the scalp 
such that there was virtually no difference at the parietal site. When the mean differences 
at each of the time epochs were analyzed by independent t-tests, the results revealed 
significance only for the N2 and P3. For N2 at the prefrontal site, t (32) = 2.54, p<.05 and 
t (32) = 2.55, p<.05 at the frontal site. For P3, t (32) = 2.99, p<.005 at the prefrontal site. 
(2) Psychopaths vs non-psychopaths at the neutral/non- living (semantic mismatch)  
condition 
From Figure 3.11a-d, it was clear that the difference between psychopaths and 
non-psychopaths was most evident parietally and was virtually non-existent prefrontally, 
frontally and centrally. At the parietal site (Figure 3.11d), the ERP difference between 
groups started out in the positive portion of the graph at 300 ms post-stimulus (P3) and 
moved into the negative portion of the graph after 700ms (nSW). It should be noted that it 
was only the psychopaths’ waveform that showed this positive and negative variation 
while the non-psychopaths’ waveform remained in the positive portion of the graph all 
throughout (even though both groups’ ERP waves were biphasic ). The mean differences at 
each of the time epochs were analyzed through independent t-tests. The result revealed 
significance only at the parietal site for P3 and nSW. For P3, t (32) =-2.19, p<.05 and for 
nSW, t (32) =-2.78, p<.01.
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Figure 3.12a: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Psychopaths at the Prefrontal site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
psychopaths after subtracting the neutral/living condition 
 
Figure 3.12b: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Psychopaths at the Frontal site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
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Figure 3.12c: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Psychopaths at the Central site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
psychopaths after subtracting the neutral/living condition 
 
Figure 3.12d: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Psychopaths at the Parietal site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
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Figure 3.13a: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Non-Psychopaths at the Prefrontal site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
non-psychopaths after subtracting the neutral/living condition 
 
Figure 3.13b: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Non-Psychopaths at the Frontal site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
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Figure 3.13c: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Non-Psychopaths at the Central site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
non-psychopaths after subtracting the neutral/living condition 
 
Figure 3.13d: ERP Grand Averaged Difference Waveform comparing the Affective/Living Condition and 
the Neutral/Non-Living Condition for Non-Psychopaths at the Parietal site 
 
where c2c1ps refers to the affective/living condition and c3c1ps refers to the neutral/non-living condition for 
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(3) Differences between the affective and semantic mismatch conditions for psychopaths 
and between the affective and semantic mismatch conditions for non-psychopaths  
For psychopaths (Figures 3.12a-d), the difference between the affective/living 
condition and the neutral/non- living is quite small, especially prefrontally The ERP 
waveform gradually becomes more biphasic at the central and parietal site. The non-
psychopaths’ ERP waveforms (Figures 3.13a-d) show large differences between the two 
conditions especially at the prefrontal site. For non-psychopaths, the affective condition 
has ERP waves are in the negative region of the graph while the neutral/non-living 
condition is mostly in the positive portion of the graph.  
These mean differences between the two conditions were tested at every identified 
time epoch through paired t-tests in both the psychopathic and non-psychopathic samples. 
The results show that there were no significant differences at N2 between the affective and 
semantic conditions for psychopaths at all sites. By comparison, non-psychopaths showed 
significant differences between these two conditions at the anterior and central sites. At P3 
and early N4 (N4a), psychopaths exhibited significant differences between the two 
conditions at all sites as did the non-psychopaths.  
However, at later time epochs, psychopaths did not show significance differences 
between the two conditions. Specifically, for late N4 (N4b), psychopaths showed no 
significance differences at all sites. For negative slow wave (nSW), psychopaths showed 
no significant differences between conditions at the prefrontal and parietal sites. These 
results are in contrast to those of the non-psychopaths who showed significant differences 
between the two conditions at all sites for both late N4b and nSW (see Table 3.5).
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Correlation analyses  
In the previous section, the 3-way repeated measures ANOVAs (3 conditions X 4 
sites X 2 groups) were conducted on the ERP data. In this section, Pearson correlations 
analyses were conducted on all significant Site X Psychopathy or Condition X 
Psychopathy interactions found. The purpose of this correlational analyses was to discover 
what factors in the two-factor and three-factor solution correlate with the different ERP 
components. Hence, this would offer some insight into what factors were greater 
contributors to the enhancement (or lack of enhancement) in the different ERP 
components. Analyses were conducted on two data sets, one employing the Hare (1990) 
two-factor PCL-SV solution (affective/interpersonal deviance and chronic antisocial 
lifestyle) and the other utilizing the three-factor PCL-SV solution (arrogant and deceitful 
interpersonal style, deficient affective experience and impulsive and irresponsibility 
behavioural style) proposed by Cooke and colleagues (2001) on five time windows used 
in the repeated measures analyses. 
Three time windows proved to be significant following this analysis (N2, P3 and 
NSW amplitude) for both the two- factor and three-factor solutions . These results are 
shown in Tables 3.7 and 3.8 respectively. The ERP grand averages waveforms for the 
significant time epochs (namely N2, P3 and NSW) and their correlated factors on Cooke 
and Michie’s 3 factor solution (factors 1, 3 and, 2 and 3) are presented for inmates high 
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condition /site  
Affective/Interpersonal 
Deviance (factor 1) 
Chronic 
Antisocial 
Lifestyle (factor 2) 
Neutral/Living 
condition 
r = .05 
p = .77 
r = .04 
p = .82 
Affective/Living 
condition  
r = .35 
p = .04 
r = .36 
p = .04 
N2 amp 
C X Ps 
Neutral/Non-
living condition  
r = .03 
p = .85 
r = .01 
p = .98 
Prefrontal site r = .25 
p = .16 
 
 r = .43 
 p = .01 
 
Frontal site  r = .20 
p = .26 
r = .36 
p = .04 
 
 
Central Site r = .07 
p = .70 
r = .22 
p = .22 
P3 amp 
S X Ps 
Parietal Site r = .10 
p = .60 
r = .01 
p = .97 
Neutral/Living 
condition 
r = .23 
p = .19 
r = .29 




p = .05 
 
r = .46 
p = .01 
nSW amp 
C X Ps 
Neutral/Non-
living condition 
r = -.14 
p = .44 
r = -.10 
p = .58 
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r = .01 
p = .94 
r = .08 
p = .65 
r = .01 




p = .05 
 
r = .30 
p = .08 
r = .33 
p = .06 
N2 amp  




r = .00 
p = 1.00 
r = .06 
p = .74 
r = -.09 
p = .63 
Prefrontal site r = .20 
p = .25 
r = .25 
p = .15 
r = .34 
p = .05 
 
Frontal site r = .11 
p = .55 
r = .25 
p = .14 
r = .31 
p = .08 
Central site r = -.02 
p = .91 
r = .14 
p = .42 
r = .16 
p = .37 
P3 amp 
S X Ps  
Parietal site r = .06 
p = .75 
r = .12 
p = .52 
r = -.01 
p = .96 
Neutral/Living 
condition 
r = .05 
p = .78 
r = .37 
p = .04 
r = 28 
p = .11 
Affective/Living 
condition 
r = .24 
p = .16 
r =.39 
p = .03 
r =.51 
p = .00 
nSW amp 
C X Ps 
Neutral/Non-
living condition 
r = -.19 
p = .29 
r = -.07 
p = .71 
r = .00 
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As can be seen from Table 3.7 and 3.8, the amplitude of the N2 component’s peak 
is significantly correlated with affective and interpersonal deviance, r = .32, p<.05 and 
chronic antisocial lifestyle, r = .36, p<.05 on the two- factor solution but only with one 
factor, arrogant and deceitful interpersonal style (factor 1), r = .34, p<.05, on the three -
actor solution. From Figure 3.14, it is apparent that individuals high on this factor had a 
less negative N2 than those people low on this factor. The P3 amplitude was significantly 
correlated with the chronic antisocial lifestyle at both the prefrontal, r = .43, p<.05 and 
frontal sites, r = .36, p<.05 for the two- factor PCL solution. With the three- factor solution, 
the P3 amplitude is significantly correlated with the impulsive and irresponsible 
behavioural style factor at the prefrontal site only, r = .34, p<.05. From Figure 3.15, it can 
be seen that people high on this factor had a larger P3 compared to those people low on 
this factor, especially at the prefrontal site. 
Lastly, in the two- factor solution, the nSW amplitude was significantly correlated 
with the affective and interpersonal deviance factor, r = .35, p<.05 and the chronic 
antisocial lifestyle factor, r = .46, p<.01. However, in the three-factor solution, the nSW 
was significantly correlated with the deficient affective experience factor, r = .39, p<.05 
and with the impulsive and irresponsible behavioural style factor, r = .51, p<.005. As can 
be seen in Figures 3.16 and 3.17, at the affective condition, the nSW is significantly 
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     3.5 Discussion 
  The current study attempted to characterize the nature of the affective deficiency 
in psychopaths through an investigation of their neuroaffective processing of picture 
stimuli. The research in this thesis addressed several issues surrounding psychopaths’ 
affective deficiency.  The current study delineated several neurological indices that 
distinguished between psychopaths and non-psychopaths in terms of affective processing. 
This was accomplished by employing a covert affective processing paradigm. This thesis 
further provided electrophysiological support that the affective deficit seen in psychopathy 
was not confined to specific emotions but was more of a global affective deficit. 
Moreover, the current study addressed the issue of the cerebral localization of the affective 
processing deficit in psychopathy. The results here provided support for the idea of a 
frontal impairment in the syndrome of psychopathy.  
At the outset, it is important to note that the prison sample was diverse in terms of 
ethnicity and therefore quite different from those populations studied in the West. The 
core features of psyc hopathy, however, can be seen to be prevalent cross-culturally even 
though its incidence may vary from culture to culture (Cooke, 1999). Next, the inmates in 
this sample were noted to have low IQs. This situation is fairly common when studying 
offender populations. The psychopaths and non-psychopaths were carefully matched on 
IQ and other relevant psychometric and demographic characteristics to ensure equality of 
sample. Lastly, most of the inmates in this study were incarcerated for drug-related 
offences and this forensic history was again matched as far as possible in both 
experimental groups.   
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3.5.1 Self report and behavioural data findings 
 The analysis on the SAM scale found no significant differences in the reported 
levels of arousal and positive valence between psychopaths and non-psychopaths, 
supporting the first and second hypotheses. This result confirms the first hypothesis and 
parallels the findings of other research (Patrick et al., 1993, Kiehl et al., 1999, Williamson 
et al. , 1991) that reported no differences in the ratings of emotional stimuli between 
psychopathic individuals and non-psychopathic controls. This further adds to the 
proposition (Checkley, 1976, Johns and Quay, 1962) that psychopaths know the ‘words of 
emotion but not the ‘music’ as psychopaths are indeed capable of identifying and 
providing normal ratings of stimulus intensity and pleasantness or unpleasantness though 
they are unlikely to be able to process such information in a ‘normal’ empathetic fashion. 
For the reaction time and accuracy rates, psychopaths were not significantly different from 
non-psychopaths and thus again, parallel past research findings (Patrick et al., 1993) 
although there were no hypotheses proposed for reaction time. 
3.5.2 Affective processing  
The peak N2 amplitude was less negative in the affective/living condition for 
psychopaths than non-psychopaths, supporting the second hypothesis . For the nSW, the 
psychopathic sample differed from the non-psychopathic sample only at the affective 
condition, supporting the eigth hypothesis. This indicated that psychopaths process 
semantic mismatch information as well as non-psychopathic controls. However, 
psychopaths are deficient in the processing of affective material compared to non-
psychopaths as evidenced by their lack of N2 and nSW enhancement.  
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At the prefrontal electrode, psychopaths had an attenuated N2 amplitude compared 
to non-psychopaths  supporting the third hypothesis, indicating that psychopathic 
individuals have a frontal dysfunction (Gorenstein, 1982, Hare, 1984, Lapierre et al., 
1995, Intrator et.al, 1997). For the nSW, the results show that the greatest enhancement 
was at the parietal site and it diminished as it moved towards the front of the scalp  and 
thus did not support the last hypothesis. However, it raises the possibility that the neural 
generator of the nSW is parietally located. 
Furthermore, both the N2 and nSW were correlated with the affective deficit 
dimension on the PCL-SV. Specifically, the N2 and nSW were correlated with the 
affective/interpersonal deviance factor on Hare’s 2- factor PCL-SV solution while the N2 
was related to the arrogant and deceitful interpersonal style factor and the nSW was 
correlated with the deficient affective experience factor on Cooke and Michie’s 3-factor 
PCL-SV solution. These effects are clearly illustrated in the grand average waveforms as 
related to the N2 and nSW correlations with the factors on the 3- factor solution (see 
Figures 3.14, 3.16 and 3.17). This supports the earlier hypotheses (hypothesis two and 
eight) that psychopaths process emotional information diffe rently from non-psychopaths 
(Flor et al., 2002, Kiehl, 1999, 2000 and Williamson, 1991). Further evidence of this can 
be seen in the difference waveforms. At the N2 and nSW epoch, psychopaths and non-
psychopaths are strikingly similar in their neutral/non- living (relative to neutral/living) 
difference waveforms but diverge markedly for the affective/living (relative to 
neutral/living) difference waveforms.   
At the N2 epoch, the latency for the neutral/non- living condition was the shortest, 
compared to the affective/living and neutral/living condition. The N2’s latency may reflect 
the detection of salient environmental cues (Suwazoo, Machado, Knight, 2000). As the 
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shortest latency occurred to the semantic condition, a novel shift in category, it thus may 
be reflective of the attention resources allocated to detect these novel environmental cues. 
Although the hypotheses for the  N4 epoch were not supported (hypotheses six and 
seven), results at the early N4 time window are significant at the central and parietal sites 
and suggest that the affective and semantic conditions are differentiated at these sites on 
the scalp (exhibiting greater negativity in the affective condition). The results for the late 
N4 showed the greatest enhancement at the prefrontal electrode though it was not 
statistically significant. For both the early and  late N4, there were no significant group 
differences between the psychopaths and non-psychopaths. As the N4 amplitude has been 
demonstrated to be responsive to affective manipulations, it is curious that the N4 was not 
enhanced to  the affective mismatch in psychopaths.  These results might instead suggest 
that the N4’s amplitude is responsive only  to arousal manipulations. As the arousal 
dimension was kept constant across all 3 conditions, this may be why the N4 amplitudes 
for psychopaths and non-psychopaths do not differ at this epoch. In another study that 
manipulated the level of arousal and the valence of the stimuli (Lim, 2001), it was found 
that N4 was enhanced for non-psychopaths , but not for psychopaths, to high arousal 
stimuli regardless of valence. At the both early and late N4, the prefrontal site had the 
earliest latency, suggesting that the prefrontal regions are reflective of affective 
processing, even though these findings were only statistically significant for the late N4.  
3.5.3 Cognitive processing 
The P3 was enhanced frontally to the neutral/non- living (cognitive/semantic  
mismatch) condition as this condition is a novel stimulus involving a category change 
from living to non-living pictures. However, it showed no group X condition interaction 
and thus, did not support the fourth hypothesis.  The latency of the P3 was also the longest 
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at the frontal and central sites though these differences were not statistically significant.  
The results revealed a group X site interaction, supporting the fifth hypothesis. 
Psychopaths had an enhanced P3 amplitude compared to non-psychopaths and this effect 
was most prominent at the prefrontal site. These results parallel that of other research 
(Raine, 1997, and Raine and Venables, 1988) and provide further evidence that 
psychopaths and non-psychopaths do differ in terms of frontal lobe processing (Lapierre et 
al., 1995 and Intrator et. al., 1997). The results also suggest that psychopaths are 
oversensitive to novelty (Raine, 1988) or have a narrow focus of attention (Raine and 
Venables, 1988; Newman, Patterson and Kosson, 1987) while lend support to the idea that 
the P3 observed is very likely to be a novelty P3 as this variation of the P3 normally 
occurs at the frontal sites (Fabiani and Friedman, 1995 Knight, 1984).  
Interestingly, the difference waveforms for the neutral/non-living (Figure 3.4d), 
the difference between psychopaths and non-psychopaths are salient parietally. The P3 
amplitude was correlated with the antisocial lifestyle dimension on the PCL-SV. 
Individuals high on the Chronic Antisocial Lifestyle dimension (factor 2 of Hare’s 2-
factor PCL-SV solution) and the Impulsive and Irresponsible Behavioural Style dimension 
(factor 3 of Cooke and Michie’s 3-factor PCL-SV solution) were positively correlated 
with the P3 amplitude, especially at the prefrontal lead (see Figure 3.15 and 3.17). This 
might indicate that novelty seeking is related to Hare’s chronic antisocial behaviour factor  
and Cooke and Michie’s impulsivity factor since past research has found that impulsivity 
and sensation seeking are positively correlated (Howard, Fenton and Fenwich, 1982).   
The nSW was similarly positively correlated with these same dimensions as the 
P3. The nSW was observed to be significantly correlated with the Affective/Interpersonal 
Deviance and the Chronic Antisoc ial Lifestyle dimension of Hare’s 2-factor PCL-SV 
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solution and also with the Deficient Affective Experience and the Impulsive and 
Irresponsible Behavioural Style dimensions of Cooke and Michie’s 3-factor PCL-SV 
solution. As evidenced by these correlations, the nSW appears to capture the core features  
of psychopathy as defined and assessed by both the 2- factor and 3-factor PCL solution. 
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    GENERAL DISCUSSION 
______________________________________________________________________________________ 
 
4.1 Summary of results for both studies 
 
The purpose of the current study was investigate neuroaffective processing in 
psychopaths through delineating the electrophysiological indices that distinguish between 
psychopaths and non-psychopaths affective processing and to investigate the neurological 
localization of that affective deficiency. To reiterate briefly the results found, in the 
undergraduate sample, the findings show that N4a, N4b and nSW, but not N2, were more 
sensitive to affective mismatch than semantic mismatch with the N4a and N4b amplitude 
were greatest at the parietal lead. The nSW was more negative in the affective condition 
though it was not significantly differentiated in terms of the site of activation. In the 
incarcerated sample, the N2 and nSW, were less negative in psychopaths than in non-
psychopaths. With regards to site of activation, the N2’s amplitude was reflected 
prefrontally while the the nSW was parietally enhanced in the prisons sample. The N4a 
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Table 4.1: Comparison of ERP amplitude results in the undergraduate and prisons studies  
Undergraduate study Prisons study 































to affective  
processing 





 Yes     Yes    
Group  
Differences 
     Yes Yes   Yes 
where Fpz is the prefrontal site, Fz is the frontal site, Cz is the central site and Pz is the 
parietal site 
 
4.2 Self-report and behavioural data findings for both studies  
 
For the analysis of the responses on the SAM scale, there was a significant 
difference in undergraduate sample for the affective condition compared to the neutral and 
semantic conditions in valence ratings but not in arousal ratings. There were no significant 
differences in the reported levels of arousal and valence between psychopaths and non-
psychopaths. Both groups rated the stimuli in the affective condition as more positive in 
valence although this did not reach statistical significance. Thus these results validate the 
earlier hypothesis and paralleled those of other research (Patrick et al., 1993, 1994, Kiehl 
et al., 1999, Williamson et al., 1991), which have found that no differences in the ratings 
of emotional stimuli between psychopathic and non-psychopathic controls. It appeared 
that psychopaths were indeed capable of identifying and providing normal ratings of 
stimulus intensity and pleasantness or unpleasantness though they probably might not be 
able to process such information in an empathetic fashion.  
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For the undergraduate sample, the rate of accuracy was significantly lower to the 
semantic condition as compared to the neutral and affective conditions whereas for the 
reaction time data, undergraduates here showed no differences across all three conditions. 
In the incarcerated sample, psychopaths were not significantly different from non-
psychopaths in terms accuracy or reaction times. All three samples, the undergraduates, 
the psychopaths and the non-psychopaths, had longer reaction times and decreased 
accuracy rates to the neutral/non-living (cognitive mismatch) condition, with the most 
marked effect observed in psychopaths. The reaction times to the affective /living 
(affective mismatch) condition showed behavioural response slowing also although it did 
not comprise accuracy levels. This would support the idea that emotional stimuli in this 
paradigm served an ‘interrupt’ function.  
4.3 Affective processing in psychopaths  vs non-psychopaths  
 The N2 amplitude was the most negative at the parietal lead in the undergraduate 
sample. Psychopaths did not show enhancement of the N2 amplitude while non-
psychopaths showed greater N2 negativity to the affective condition. In line with the idea 
of an anterior dysfunction, psychopaths exhibited a less negative N2 prefrontally than 
non-psychopathic individua ls. Moreover, psychopaths showed less nSW enhancement 
than non-psychopaths and undergraduates at the affective condition. The greatest nSW 
negativity observed was at the parietal region and it gradually diminished as it moved 
forward to the anterior regions. This trend is similar for psychopathic inmates, non-
psychopathic inmates and undergraduates.  
The N4a component has been found to be an ERP marker for mismatch stimuli in 
a previous context (Kutas and Hillyard, 1980, 1984, Kutas and Van Petten, 1988, and 
Ganis, Kutas, and Sereno, 1996). In this study, the greatest negativity in the early and late 
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N4 was attributed to the affective mismatch condition in the undergraduate sample. In the 
prison sample, the early and late N4 exhibited no group difference and the N4s were also 
enhanced to the affective mismatch condition, similar to those in the undergraduate 
sample. This supports the idea that the affective mismatch modulates the N4 component, 
both early and late N4, more than the semantic mismatch. As the affective mismatch was 
latent, the N4 enhancement does not require conscious processing in order to occur. This 
is consistent with the idea that ERPs are subconscious signatures that reflect activity in 
specific brain circuits. The lack of N4 group differences between psychopaths and non-
psychopaths is suggested to be reflective of the level of arousal in the stimuli (Lim, 2001). 
Since the intensity of arousal was not experimentally manipulated, this could well explain 
why there were no group differences seen at the early and late N4.  
4.4 Cognitive processing in psychopaths  vs non-psychopaths  
In the current study, the semantic mismatch condition generated the greatest P3 
amplitude for the psychopathic inmates, non-psychopathic inmates and undergraduates.   
However, at the prefrontal and frontal sites, psychopaths had a higher P3 amplitude than 
non-psychopaths. These results provide further evidence that psychopaths and non-
psychopaths do differ in terms of frontal lobe processing and ties in with other research 
that report that psychopaths exhibit a smaller N2 (Kiehl et al., 1999) and a larger P3 in 
response to affective stimuli (Raine and Venables, 1988) and provides partial support for 
Raine’s (1998) suggestion of a novelty seeking hypothesis in psychopaths.  
4.5 Neuroaffecive processing in psychopaths  
The ERP results in this study validate the reality of the different psychopathy 
factors, in particular the 3-factor PCL solution proposed by Cooke and Michie (2000).It 
raises the possibility that the social deviance factor (factor 2 on Hare’s  2-factor PCL 
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solution) and impulsivity factor (factor 3 on Cooke and Michie’s 3-factor solution) may 
reflect insults to the frontal lobes (Neo, 1991). The affective deficiency factor on the other 
hand may be more inherent. The affective deficiency is thus more of a biological or 
neurological dysfunction (Deckel, Hesselbrock and Bauer, 1996, Gorenstein, 1982, Hare, 
1984, Lapierre et al., 1995, Intrator et.al, 1997) than it is a case of ‘acquired sociopathy’ 
(Blair and Cipolotti, 2000) or pseudopsychopathy.. 
Psychopaths, however, do not show a deficit across all ERP components. At the 
N4 epoch, the ir ERPs are similar to those of non-psychopathic inmates and 
undergraduates. It is possible that the N4 reflected more arousal aspects of the affective 
stimulation (Lim, 2001). If this is the case, it is consistent with the idea that the amygdala 
is possibly the generator of the N4 (Howard, 2001) as the amygdala has been closely 
associated with the processing of negative affect, for example, fear and disgust (Ado lphs  
et al., 1999 and Whalen, 1998). If the N4 reflects reception of a signal from the amygdala 
to switch on cortical processing, the results in this study imply that the switch is 
functioning properly but that the ensuing cortical arousal (as indexed by the nSW) does 
not eventuate.  
The stud y illustrates that ERPs are useful as indices of ne uroaffective processing. 
Psychopaths demonstrate that they are insensitive to emotional mismatch as indexed by 
the N4a and the N4b but are unable to process the emotional information as reflected by 
the N2 and nSW. They also imply that psychopaths are globally deficient in affective 
processing as their neuroaffective processing dysfunctio n is not confined to negative or 
high arousal stimuli (Blair et al, 1995, 1997, Lykken, 1995 and Newman, Patterson and 
Kosson, 1997) but instead shows up in affective processing whether the stimuli is positive 
or negative and hence is more of a global affective deficit (Damasio, 1994, Herpertz et al., 
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2000 and Kiehl et al., 1999) as it would seem that the N2 and nSW components, as 
compared to the early and late N4 components, reflect different aspects of emotional 
information processing.  
4.6 Conclusions  
The study casts some light on our understanding of the processing dsyfunction in 
psychopathy. Psychopaths are shown to be globally deficient in neuroaffective processing, 
disconfirming theories of specific affective dsyfunction such as the low fear (Lykken, 
1995) or lack of responsiveness to distress cues (Blair et al., 1995, 1997) while having 
intact cognitive processing abilities. The study sheds light on the neural processing 
differences between the psychopaths and non-psychopaths , especially at the prefrontal 
site, provid ing support for an anterior dys function in psychopathy. This dysfunction could 
possibly be an orbito frontal cortex dysfunction as implied by other research in the area 
(Deckel, Hesselbrock and Bauer, 1996, Intrator et al., 1997, Raine et al., 1998, 2000 and 
Soderstrom et al., 2000, 2002).  
4.7 Limitations  
One of the  limitations of the study is that it did not employ negative valence 
stimuli with which the processing of positive valence stimuli could be compared. The 
experiment needs to be repeated using both negative and positive valence low arousal 
stimuli in separate sessions so as to compare the neuroaffective processing of these 
stimuli. Only then would it be possible to investigate if the N4 was responding only to 
arousal or simply to negative stimuli.  
Only a small region of the scalp was investigated and thus there was no 
opportunity to assess effects of laterality and thus issues of hemispheric asymmetry. 
Further studies could be done using dense electrode arrays so that source analysis can be 
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carried out. Functional imaging tools, such as magnoencephalography and functional 
magnetic resonance imaging, could be emplo yed along with high density ERP tools so 
that the neural generators of the ERP waveforms can be more precisely identified   
4.8 Directions for future research 
The findings suggest psychopaths and non-psychopaths process affective and 
cognitive information differently and this is revealed electrophysiologically. These may 
stem from a processing dysfunction in psychopaths for affective stimuli and may help us 
design better tools to identify psychopaths. Such an electrophysiological tool would be an 
advantage over current tools such as interviews that are often subjective  and prone to 
issues of social desirability.   
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APPENDIX A: ERP and their functional significance  
 
Event-related potentials, ERPs, are brainwave signals recorded through electrodes 
on the scalp. ERPs index brain activity and reference on the scalp their possible neural 
generators. ERPs are cognitively sensitive and temporally sensitive as they are time 
locked to the occurrence of an exogeno us or endogenous event. ERPs can be classified 
into exogenous and endogenous ERPs. Exogenous ERPs are sensory ERPs that are 
elicited to an external event while endogenous ERPs are internal processes that can be 
elicited even in the absence of an external event.  
The impact of utilizing ERPs in the study of cognitive or emotional processing has 
been enormous. ERPs are time locked to the actual ‘online’ cognitive or affective 
processing and can provide us with an insightful tool to investigate neural processes. As 
ERPs are elicited to specific stimulus, they can be traced back to that stimulus to discern 
what characteristics of the stimulus produced the particular ERP waveform, peak or trough 
(see an example of this illustrated in the figure below. The figure is reproduced from 
Kagan, 2002). A review of the unique contribution that ERPs have brought to the 
understanding of cognitive and emotional processing are discussed below. Of the myriad 
of ERP components, four components that are commonly studied, the N2, P3, N4 and the 
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(1) The N200 (N2) 
The N2 is a negative going wave that peaks at approximately 200 msec. The 
functional significance of the N2 is the detection of mismatch between the stimulus 
features and previously context of dominant response. Squires, Squires and  Hillyard 
(1975) first found that this N2 component when they investigated task relevance and 
stimulus frequency. They found that the N2 was augmented to rare stimuli. Similarly, 
Gehring, Gratton, Coles and Donchin (1992) used a two stimulus visual paradigm and 
discovered larger frontal N2 to mismatches between the subject’s expectation and the 
features of the second stimulus. Suwazono, Machado, and Knight (2000) found that the 
amplitude of the N2 indexes an alert system that facilitates detection of the stimulus of 
interest. The N2 varies also to stimulus modality. Visual N200s tend to be maximal at the 
occipital electrode while auditory N200s tend to be maximal at frontal or central scalp 
locations. The N2 is also sensitive to emotional processing (Kayser et al., 1997 and 
Laurian, Bader, Lanares and Oros, 1991).   
(2) The P300 (P3) 
The P3 is a positive going brainwave that peaks at about 300ms although some 
research has elicited P3 peaks at time points anywhere between 300-600 ms (Johnson, 
Miller and Burleson, 1986, Molnar, 1994 and Sutton, Braren, Zubin and John, 1965). The 
P3 is usually classified into two categories: the classic, parietally distributed P3, labelled 
P3b and the frontally distributed, nove lty P3, labelled P3a. The former component is 
related to paradigms involving context updating (Donchin, 1981, Donchin and Cole, 1988) 
while the latter is commonly elicited in paradigms involving deviant stimuli that are rare 
and infrequent (Courchesne, Hillyard, and Galambos, 1975). The P3a is a waveform that 
peaks to a novel stimulus for which there is no established or existing memory template. 
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The P3a has been shown to diminish with repetition of the stimuli (Fabiani and Friedman, 
1995) and its amplitude is suppressed in frontal lobe lesion patients (Knight, 1984).  
The P3 has been elicited to a variety of tasks including: attentional resource 
allocation (Polich, 1989a, 1989b, 1996, 1997), memory for the stimulus or context 
updating (Donchin and Cole, 1988) and the amount of information given about a stimulus 
(Ruchkin et. al., 1988). The amplitude of the P3 is also found to be related to the strength 
of the memory trace for stimuli presented and is enhanced for stimuli that are correctly 
recognized in subsequent recognition tasks (Paller, Kutas, and Mayes, 1987 and Johnson, 
Pfefferbaum and Kopell, 1985, Ford, Pfefferbaum, Tinklenberg and Kopell, 1982, Smith, 
1993). The P3’s amplitude is sensitive to the motivational properties of task stimuli 
parietally (Begleiter, Porjesz, Chou, and Aunon, 1983) and to the emotional value of the 
stimuli frontally (Kayser et al., 1997, 2000 and Laurian et al., 1991, Palomba, Angrilli and 
Mini, 1997 and Naumann et al., 1992, 1997) and is enhanced in such situations. 
(3) The N400 (N4) 
The N4 component was first observed by Kutas and Hillyard (1980a, 1980b, 1984) 
when participants read a syntactically accurate sentence with an anomalous word ending. 
The N4 component is a negative going wave, peaking at about 400ms, that was found to 
be enhanced to the final word of sentences that ended incongruously, for example ‘he 
spread his bread with warm socks ’. This component was found to be posteriorly 
distributed and slightly lateralized to the right hemisphere. Since then, subsequent 
experiments have concurred that the amplitude of the N4 elicited in such contexts is 
modulated by the extent to which word-context fit expectation is violated (Kutas and Van 
Petten, 1988, Ganis, Kutas, Sereno, 1996). This meant that the larger the violation of the 
word- fit expectation, the more negative the N4.  The N4 elicited in such experiments have 
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also been elicited by experiments using word pairs that are incongruous instead of 
sentences. 
Later studies showed that the N4 was also elicited to incongruous pictorial slides 
while being sensitive to the degree of semantic relatedness or the violation of subject’s 
expectancies in such reading tasks (Ganis, Kutas and Sereno, 1996 and Kutas et. al., 
2000).   
Other studies have investigated the N4 elicited to ano malous stimuli using pictures or 
faces as the mismatch stimuli. These studies have concurred that anomalous terminal 
stimuli enhanced the N4. At the same time, the N4 was also shown to be sensitive to 
stimulus modality and this shows up as frontally or par ietally maximal N4s depending on 
the characteristics of the stimulus (Barrett, Rugg, Perett, 1988, Barrett and Rugg, 1989, 
Besson and Macar, 1997, McPherson and Holcomb, 1999 and Paller, McCarthy and 
Wood, 1992) and also affective parameters (Carretie et al., 1997, 2001, Chung et al., 1996, 
Kiehl et al., 1997, 2000 and Williamson et al, 1991). 
 (5) The Slow Wave (SW) 
The slow wave is produced during longer periods of brain activity. The slow wave 
is thought to reflect further processing due  to increased task demands and is mainly 
elicited to tasks that involve perceptual operations or conceptual categories (Ruchkin , 
Johnson, Mahaffey and Sutton, 1988) while the enhancement of the slow wave’s 
amplitude is thought to reflect increased cognitive resource allocation (Rosler, Heilman 
and Roder, 1997). Slow waves have been elicited to a variety of tasks including: the 
matching of linguistic stimuli (Sanquist, Rohrbaugh, Syndulko and Lindsey, 1980), 
memory retrieval (Rosler, Clausen and Sojka, 1986) and memorizatio n tasks using 
mnemonic strategies (Karis, Fabiani and and Donchin, 1984 and Fabiani, Karis and 
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Donchin, 1986). Slow waves have either been frontally or parietally maximal depending 
on the characteristics of the task or the stimuli used.  
Ruchkin et al. (1988) found a parietally maximal positive slow wave that was 
elicited to perceptual difficulty but not conceptual difficulty. They further found that the 
task’s conceptual difficulty elicited a central-parietal maximum negative slow wave. 
Fabiani, Karis and Donchin (1986) found a frontally positive component that correlated 
with subsequent recall of words in participants who used elaborate mnemonic strategies. 
This is in contrast to negative slow waves over the frontal scalp found in signal detection 
tasks (Ruchkin, Sutton and Stega, 1980 and Sutton et. al., 1982) and in visual long-term 
memory retrieval tasks (Rosler et. al., 1993). Neville, Kutas, Chesney and Schdmit (1986) 
found slow waves that were maximal over both the frontal and parietal sites in a sema ntic 
judgment task. Slow waves have been implicated in emotional processing of the task 
stimulus (Dietrich et al., 1996, Erhan et al., 1998, Marinkovic and Halgreen, 1998, 
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APPENDIX E: IAPS ratings of valence and arousal for slides in the neutral condition 
Neutral and living things condition 
Slide number Description Valence Mean (SD) Arousal (SD) 
1301 Dog 4.10 (1.71) 5.63 (2.39) 
1930 Shark 4.12 (1.92) 5.98 (2.24) 
2520 Elderly man 4.12 (1.99) 4.19 (1.88) 
1090 Snake  4.17 (1.79) 5.85 (2.07) 
1230 Spider 4.25 (1.56) 4.98 (2.29) 
1201 Spider 4.27 (1.73) 5.75 (1.99) 
1113 Snake 4.37 (1.72) 5.73 (2.07) 
1302 Dog 4.38 (1.64) 5.89 (1.79) 
1280 Rat 4.40 (1.70) 4.48 (1.84) 
1200 Spider 4.46 (2.13) 5.36 (2.62) 
2810 Boy 4.56 (1.76) 4.33 (2.01) 
8010 Runner 4.58 (1.87) 4.12 (2.13) 
2230 Sad face 4.67 (1.06) 4.12 (1.64) 
1240 Spider 4.70 (1.81) 4.83 (2.26) 
1030 Snake  4.70 (2.55) 5.39 (2.40) 
3210 Surgery 4.83 (1.80) 5.27 (1.82) 
1080                             Snake 4.90 (2.32) 5.56 (2.49) 
1390 Bees 5.00 (1.43) 5.15 (2.14) 
2220 Male face 5.21 (1.34) 5.04 (1.43) 
1310 Leopard 5.27 (1.54) 5.89 (1.61) 
4535 Biceps 5.36 (1.35) 4.19 (2.24) 
4100 Male dancers 5.39 (1.26) 4.25 (1.43) 
4000 Girl Sketching 5.42 (1.73) 4.31 (2.12) 
5532 Mushrooms 5.43 (1.72) 4.01 (2.18) 
4233 Prostitute 5.48 (1.68) 4.70 (2.33) 
2351 Interracial 5.48 (1.92) 4.62 (2.64) 
8041 Diver 5.68 (1.54) 4.92 (2.26) 
2702 Bulimic 5.78 (1.59) 4.28 (2.35) 
4605 Couple 5.85 (1.77) 4.38 (2.42) 
4631 Couple 5.92 (1.92) 5.86 (2.05) 
 
Valence Overall Mean = 4.90, SD = 1.73 
 
Arousal Overall Mean = 4.92, SD = 2.10 
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APPENDIX H: Fear Survey Schedule (Modified) 
 
The items in this questionnaire refer to things and experiences that may cause fear or other 
unpleasant feelings. Write down the number of each in the column that describes how 
much you are disturbed by it nowadays. 
 
not at all        a little        a fair amount        much       very much  
      1                 2                      3                      4                 5 
 
1.   noise of vacuum cleaners_____                                                                                    
2.   open wounds_____                                                                                                      
3.   being alone_____                                                                                                        
4.   being in a strange place_____                                                                                      
5.   loud voices_____                                                                                      
6.   dead people_____                                                                                     
7.   speaking in public_____                                                                           
8.   crossing streets_____                                                                               
9.   people who seem insane_____                                                                 
10. falling_____                                                                                             
11. automobiles_____                                                                                    
12. being teased_____                                                                                 
13. dentists_____                                                                                          
14. thunder_____                                                                                            
15. sirens_____                                                                                               
16. failure_____                                                                                              
17. entering a room where other people are already seated_____                  
18. high places on land_____  
19. people with deformities_____  
20. worms_____  
21. imaginary creatures_____  
22. receiving injections_____  
23. strangers_____  
24. bats_____  
25. journeys by (a) train_____  
                          (b) bus_____+ 
                          (c) car_____  
26. feeling angry_____ 
27. people in authority_____  
28. flying insects_____  
29. seeing other people being injected_____  
30. sudden noises_____  
31. dull weather_____  
32. crowds_____ 
33. large open spaces_____  
34. cats_____  
35. one person bullying another_____ 
36. tough looking people_____  
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37. birds_____  
38. sight of deep water_____  
39. being watched while working 
40. dead animals_____  
41. weapons_____  
42 dirt_____  
43. crawling insects_____  
44. sight of fighting______  
45. ugly people_____  
46. fire  eg. bonfire_____  
47. sick people_____  
48. dogs_____  
49. being criticised_____  
50. strange shapes_____  
51. being in an elevator_____  
52. witnessing surgical operations_____  
53. angry people_____  
54. mice_____  
55. blood  (a) human_____   
                 (b) animal_____   
56. parting from friends_____  
57. enclosed places_____  
58. prospect of going through a surgical operation_____ 
59. feeling rejected by others______  
60. airplanes_____  
61. medical odours_____  
62. feeling disapproved_____  
63. harmless snakes______  
64. cemeteries_____  
65. being ignored______  
66. darkness_____  
67. premature heart beats eg. missing a beat_____   
68. nude (a) men_____   
               (b) women_____   
69. lightning_____  
70. doctors_____   
71. making mistakes_____  
72. looking foolish_____   
 
 
 

